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Growth Response of Vernonia hymenolepis (sweet bitter leaf) seedlings inoculated with arbuscular mycorrhizal fungi (AMF) under Fusarium Root Rot stress in Calabar, Nigeria    
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ABSTRACT 
	Aims: To determine the influence of two AMF strains on dry biomass of root, stem and leafs of Vernonia hymenolepis under pathogen stress.
Study design:  The experiment followed an 8 × 3 completely randomized design, consisting of eight treatments with three replicates, for a total of 24 pots. 
Place and Duration of Study: Calabar in the south- south of Nigeria. A study was conducted between February and May, 2025.
 Methodology: Vernonia hymenolepis seedlings were inoculated with two arbuscular mycorrhizal fungi (AMF) strains Glomus mosseae and Glomus gigaspora and subsequently challenged with 50 ml of a Fusarium spore suspension under field conditions. Fusarium root rot severity (FRR) and dry biomass were assessed at harvest, 12 weeks after emergence. 
Results: The results clearly indicate that all the pathogen stressed seedlings alone (Fo) had higher root percentage disease severity (20.00%) than their combined counterpart with AMF seedlings (Gm+Fo and Gm+Gg+Fo) 1.66% as the lowest. Generally, Vernonia hymenolepis seedlings inoculated with G. mosseae in combination with G. gigaspora and Fusarium (Gm+Gg+Fo) produced the highest significant (P≤ 0.05) root, stem and total dry weight with means values of 10.01, 10.72 and 32.76g/plant-1 . Vernonia hymenolepis plants infected with Fusarium (Fo) alone recorded the lowest severe root, stem, total and root:shot ratio damage by the pathogen. However, inoculated seedlings with Gg, Gm+Fo and Gm+Gg+Fo gave the highest leaf dry weight and Gm+Gg+Fo recorded the highest root to shoot ratio with value 32.76g/g-1.
 Conclusion: Plants inoculated with arbuscular mycorrhizal fungi (AMF) are better able to withstand environmental stresses, including pathogen pressure, and can contribute to the rehabilitation of soils affected by soil-borne diseases in Calabar, Nigeria. Enhanced dry biomass accumulation represents a key mechanism through which mycorrhizal plants express resistance to pathogens.
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1. INTRODUCTION 
The plant Vernonia hymenolepis also known as sweet bitter leaf belong to a family Asteraceae. It occurs locally wild in mountainous and high plateaus regions of West, Central, East and Southern Africa. Its cultivation is only known from Nigeria and Cameroon. Vernonia hymenolepis is a perennial herb, shrub or small tree up to 12m tall; young branches densely tomentose (Garjia., 2016). The nutritional composition of Vernonia hymenolepis leaves is comparable to that of bitter leaf (Vernonia amygdaline). It is less bitter than other Vernonia species. The leaves of Vernonia hymenolepis are consumed fresh and in dry form as a garnish or salad (Ojeaga, et al., 2021).
Vegetables are those herbaceous plants whose part or parts are eaten as supporting food or main dishes and they may be aromatic, bitter or tasteless (Mensah, et al., 2008). The consumption of leafy vegetable is part of Africans cultural heritage and they play important roles in the tradition and food culture of African household. Nigeria as a country is endowed with a variety of indigenous green leafy vegetables (GLVs) and different types are consumed by the various groups for different reason. According to Mensah et al., (2008), vegetables are the cheapest and most available sources of important proteins, vitamins, minerals and essential amino acid. Although, leafy vegetables are known to posses lots of minerals beneficial to human health there is still need to add to the growing list of these beneficial plants in order to create more varieties in the food flare of the rural populace in Nigeria.  
Most communities in Cross River State are farming communities, and a significant portion of the population depends on lesser-known native leafy vegetables (Udo et al., 2013). These vegetables are always sourced locally due to the state's vegetation zone. Vegetables are grown in both mixed and monocropping systems on almost all farms due to their importance in human diets.
Recently, (Arbuscular Mycorrhizal fungi), are well-known and have been shown to improve soil and plant conditions under pathogen stresses. Recently, the suppression of Fusarium wilt disease as well as growth promotion in plant due to inoculation was shown (sefloo et al., 2021; Sefloo et al., 2019), making AMF an interesting candidate for future studies in this direction.
Result from different researchers have shown that soil-borne pathogens are major limiting factors of vegetable growth. Researches also shows that once the soil is colonized by Fusarium oxysporum f. sp.cubense (Foc), it is better to wait or use the plants that can resist F. oxysporum; otherwise, the plants varieties cannot survive (Huang, 2015; Dita, et al; 2010). There have been numerous complaints from local farmers in cross river state most especially in (Cross River, Central) regarding the low yields of vegetable crops, largely attributed to soil-borne pathogens. Infection by these pathogens results in a range of symptoms that threaten food security, including cortical root rot, root decay, chlorosis, wilting, rosetting, and premature plant death (Summerell et al., 2001). The impact of soil-borne pathogens on the yield reduction of these crucial leafy vegetables, Vernonia hymenolepis has been the subject of numerous complaints from local farmers. Users are unable to explain this situation, However, despite complain by the local farmers on yield reduction cause by soil borne infestation, these farmers still do their best to enable them meet the targeted growing population who consumed these vegetable daily, Therefore, the present study was conducted based on the hypothesis that AMF could promote the growth (biomass) and reduce Fusarium severity of Vernonia hymenopeis seedlings. A pot experiment was conducted under field conditions to evaluate the effects of two arbuscular mycorrhizal fungi (AMF) strains, Glomus mosseae and Glomus gigaspora, on the dry biomass of roots, stems, and leaves of Vernonia hymenolepis infected with Fusarium root rot.

2. material and methods 
2.1 Research Area
The field experiment was carried out over a 12-week period, from February to April 2025, at the Botanic Garden and Research Center of the Department of Plant Science and Biotechnology, University of Cross River State, Nigeria. Calabar is situated within the tropical high rainforest agro-ecological zone of Nigeria’s equatorial climatic belt (Latitude 5°00′–5°40′ N and Longitude 8°04′–8°62′ E), at an elevation of approximately 70 m above sea level (Iwena, 2008). The area experiences a bimodal rainfall pattern, with annual precipitation ranging from 2,500 to 3,500 mm, mean annual temperatures between 22.2°C and 38°C, and relative humidity levels of 75–90%. 
2.2 Soil, Seedlings, AMF, and Fusarium
Topsoil samples (0–15 cm depth) were collected from the study site and analyzed for their physicochemical properties using standard procedures (A.O.A.C., 2003). The sieved soil was sterilized by dry heat in a hot air oven at 160 °C for 2 hours before being used as the growth medium. Seeds of Vernonia hymenolepis were obtained from the College of Agriculture, Science, and Technology, Obubra, Cross River State, in January 2025, and were pre-treated following the procedure described by Annih et al. (2020). Two arbuscular mycorrhizal fungi (AMF) strains, Glomus mosseae and Glomus gigaspora, were obtained from the International Institute of Tropical Agriculture (IITA), Ibadan. The inocula comprised a mixture of spores, mycelial fragments, and colonized root tissues. Fusarium oxysporum was isolated from tomato roots showing characteristic root rot symptoms, following the procedure outlined by Eke et al. (2020).
2.3 Experimental Design, Treatments and Inoculation
The experiment followed an 8 × 3 completely randomized design (CRD), comprising eight treatments with three replicates each, resulting in a total of 24 pots. The treatments included: an uninoculated control without Fusarium; inoculation with Glomus mosseae (Gm); inoculation with Glomus gigaspora (Gg); co-inoculation with Glomus mosseae and Glomus gigaspora (Gm+Gg); inoculation with Fusarium oxysporum (Fo); co-inoculation with Glomus mosseae and Fusarium oxysporum (Gm+Fo); co-inoculation with Glomus gigaspora and Fusarium oxysporum (Gg+Fo); and a combined inoculation of Glomus mosseae, Glomus gigaspora, and Fusarium oxysporum (Gm+Gg+Fo). Pots measuring 39 cm in diameter and 49 cm in depth were each filled with 9 kg of sterilized soil and arranged on racks under natural field conditions. The soil was watered to field capacity and allowed to drain overnight. For treatments requiring arbuscular mycorrhizal fungi (AMF), 50 g of crude inoculum was incorporated 3 cm below the soil surface prior to sowing to facilitate mycorrhizal establishment (Rabic and Almadini, 2005). Uniform seedlings were selected following thinning at one week after emergence (WAE). At two weeks after emergence, 50 ml of a Fusarium spore suspension was carefully applied using a pipette to the soil just below the collar region surrounding the hypocotyls of the designated plants (Sohriabi et al., 2015). 
2.4 Fusarium severity and Plant Biomass.
At harvest (12 WAE), symptomatic plants were carefully uprooted to assess disease severity in the roots. Each root system was evaluated using a 0–5 visual rating scale based on the extent of discoloration, lesions, and necrosis, following the method described by Filion et al. (2003). Fusarium root rot (FRR) severity was then calculated using the formula proposed by Al-Askar and Rashad (2010) and Salih (2021):

At harvest, Vernonia hymenolepis seedlings were carefully separated into roots, stems, and leaves. The biomass of each component was determined using an electronic balance (Model: XS4001S) after oven-drying at 80°C to a constant weight (Sohrabi et al., 2015). Total dry weight was calculated as the sum of the root, stem, and leaf dry weights. These data were subsequently used to compute the root-to-shoot ratio (R:S), expressed as the ratio of root dry weight to shoot dry weight: weight to shoot dry weight:       
2.5 Statistical   	Analysis
Standard errors were calculated from replicate measurements. The data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 27.0. A two-way analysis of variance (ANOVA) was performed, and significant differences among treatment means were determined using Duncan’s Multiple Range Test at a significance level of P ≤ 0.05.
 

3. results and discussion

4.1 Physicochemical Analysis, Disease severity and Plant Growth
The physicochemical properties of the experimental soil showed a composition of 50.30% sand, 35.00% silt, and 39.70% clay, indicating its textural class. The soil had an organic matter content of 1.72% and a slightly acidic pH of 5.27. In terms of chemical characteristics, it contained 0.10 mg kg⁻¹ total nitrogen, 20.90 mg kg⁻¹ available phosphorus, 5.00 cmol kg⁻¹ calcium, 1.20 cmol kg⁻¹ magnesium, and 5.09 cmol kg⁻¹ nitrogen. The control treatment recorded 0.00% disease severity, indicating the absence of infection without the pathogen (Table 1). This confirms that the experimental conditions were sterile and that disease development resulted solely from Fusarium inoculation. Seedlings inoculated with Fusarium alone (Fo) exhibited the highest disease severity (20.00%), which was significantly different (P ≤ 0.05) from all other treatments, highlighting the pathogen’s strong virulence in the absence of any protective agent (Table 1). In contrast, plants treated with (Gg+Fo) and (Gm+Gg+Fo) showed a marked reduction in disease severity to 1.66%, demonstrating enhanced disease suppression and suggesting a synergistic protective effect.
Overall, dry weight measurements (root, stem, and total biomass) of Vernonia hymenolepis revealed that plants inoculated with G. mosseae in combination with G. gigaspora and Fusarium (Gm+Gg+Fo) recorded the highest mean values (10.01, 10.72, and 32.76 g plant⁻¹, respectively), with differences that were statistically significant (P≤ 0.05) (Table 2). This indicates that arbuscular mycorrhizal fungi (AMF) not only mitigated the impact of the pathogen but also enhanced biomass accumulation beyond baseline levels. Similarly, Vernonia hymenolepis plants treated with Gg, Gm+Fo, and Gm+Gg+Fo produced the highest leaf dry weights, with mean values of 15.46, 14.74, and 12.69 g plant⁻¹, respectively. In contrast, the uninoculated control recorded the lowest leaf dry weight (3.77 g plant⁻¹), in some cases even lower than infected treatments, likely due to experimental variability (Table 2). Conversely, plants inoculated with Fusarium alone (Fo) exhibited the most severe reductions in root, stem, and total dry weights, as well as in the root-to-shoot ratio, with mean values of 2.11, 0.90, and 7.59 g plant⁻¹ at 12 weeks after emergence (WAE). Notably, the combined inoculation (Gm+Gg+Fo) also produced the highest root-to-shoot ratio, reflecting improved biomass allocation and more balanced plant growth (Table 2).







Table 1. Effect of Fusarium root rot and mycorrhizal inoculation on the severity of Vernonia hymenolepis seedlings at harvest (12WAE).  
Treatment            (%) Disease Severity.              
Control                       0.00  0.00a                                                  
Fo                               20.00  0.00c       
Gm+Fo                        7.22  2.78b                                             
Gg+Fo                         1.66  0.96a
                                       Gm+Gg+Fo                  1.66  0.96a
*Values are presented as the mean of three replicates ± standard error of the mean (S.E.M.). Means within treatments that are followed by different letters indicate statistically significant differences at P ≤ 0.05, as determined using Duncan’s Multiple Range Test.
WAE: Weeks After Emergence; Gm: Glomus mosseae; Gg: Glomus gigaspora; Gm+Gg: Glomus mosseae + Glomus gigaspora; Fo: Fusarium; Gm+Fo: Glomus mosseae + Fusarium; Gg+Fo: Glomus gigaspora + Fusarium; Gm+Gg+Fo: Glomus mosseae + Glomus gigaspora + Fusarium





Table 2: Influence of mycorrhizal inoculation on the dry biomass of Vernonia hymenolepis seedlings under Fusarium root rot at harvest (12WAE).
Treatment         Roots dry weight           Stems dry weight          Leaf dry weight	        Total dry weight       Root: Shoot ratio		               (g /plant-1)	                  (g /plant-1)	                     (g/ plant-1)	           (g /plant-1)	           (g/ g-1)

Control          	 3.43  0.52c                    1.20  0.14b                 3.77 1.27c                   8.40  1.45d               8.40  1.45d                                            
Gm                   6.14  0.75e	                          3.37 0.21c	         11.51 0.39e	             21.04  1.02ab	            21.04 1.02ab
Gg                    7.45   0.18e	                          4.72 0.28c	         15.46 2.04ab	                     27.63  2.39ab	            27.63 2.39ab
Gm+Gg            4.87  0.38d 		     6.47 0.70d	        14.46  1.00ab	             25.81  0.13ab                  25.81  0.13ab
Fo                     2.11  0.27c       	     0.90 0.19a                  4.67  0.86d                  7.59  1.10d               7.59  1.10d           
Gm+Fo             9.06 0.27ab                    6.92 0.34d                 14.74  1.71ab                30.34  2.01ac                  30.34  2.01ac
Gg+Fo              7.70  0.33e                    8.04 0.20e	 	             12.72  1.78e	              28.47  1.80ac            28.47  1.80ac
Gm+Gg+Fo      10.012.39ab 	                         10.72 1.06e	         12.69  1.62e	              32.76  2.44ac                  32.76  2.44ac
* Values represent the mean of three replicates ± standard error of the mean (S.E.M.). Means within the same column that are assigned different letters differ significantly at P ≤ 0.05, as determined by Duncan’s Multiple Range Test. 
WAE: Weeks After Emergence; Gm: Glomus mosseae; Gg: Glomus gigaspora; Gm+Gg: Glomus mosseae + Glomus gigaspora; Fo: Fusarium; Gm+Fo: Glomus mosseae + Fusarium; Gg+Fo: Glomus gigaspora + Fusarium; Gm+Gg+Fo: Glomus mosseae + Glomus gigaspora + Fusarium

4. Discussion
In the present study the results indicates that Vernonia hymenlepis plants inoculated with Glomus species reduced the root disease severity (Table 1). However, pathogen severity was lower in plants treated with mycorrhizal, which effectively reduced pathogen impact. Disease recovery rates of up to 60% were achieved depending on the mycorrhizal type and pathogen involved. This significant (P0.05 ) reduction in pathogen severity can be attributed to the modulation of plant nutrient uptake, changes in root morphology, and competition between mycorrhizal fungi and pathogens for colonization sites, as demonstrated by Spagnoletti et al., 2021). Similar results were obtained by Sohrabi and mohammad, (2015), who found a positive effect of Glomus species on decreasing of Bayound disease severity.  
Generally, plants inoculated with AMF alone and in combination with pathogen of Vernonia hymenolepis recorded higher biomass production (Table 2), when compared with Fusarium (Fo) inoculated plants especially 12WAE. This could be that the growth increase is suggested to be attributed to mycorrhizal interactions which enhanced plants to acquire nutrient.  The study, shows significant (P0.05) effect between mycorrhizal inoculated plants and non-mycorrhizal inoculated plants (control) for root, stem, leaf, total dry weight and root:shoot ratio.
However, application of AMF show increase when compared with seedlings inoculated with Fusarium (Fo). Although, plants treated with (Gm+Gg+Fo) were however, recorded a significant (P0.05) higher root, stem and total dry weight of  Vernonia hymenolepis (Table 2), this is because most crops species perform better with mycorrhizal inoculation, I suggest it enhanced the growth of Vernonia hymenolepis plants 12WAE. This is in harmony with the report of Yakasai and Rabiu, (2025), who reported that cucumber seedlings treated with AMF inoculation showed increased growth potential in contrast to non-inoculated (control) seedlings with the inoculated variety indicating a marked improvement in Cucumber yield. This results are also in support with the work conducted by Ali et al., (2018). Moreso, significant (P0.05) improvement of the dry biomass could be influence by the different strains of mycorrhizal in promoting seedlings biomass production. 
The results is consistent with the results of some researchers, in their study, Aljawasin, Khaeim and Manshood (2020), found a significant increase in both shoot dry weight and root dry weight in plants treated with mycorrhizal compared to not applied. Demir et al., (2023) found that the application of AMF, specifically (Fm) and Gigaspora margarita (GM), had significant effects on the morphological parameters of strawberry plants infected with various pathogens. They noted that different AMF treatments resulted in varying increase in plants fresh weight, dry weight, and length, depending on the specific pathogen involved. Our data shows that, Gg, Gm+Gg and   Gm+Fo significantly (P0.05) increased leaf dry weight 12WAE than any other treatment but in pathogen inoculated plants leaf dry weight were still higher than the uninoculated (control) plants and root dry weight, stem dry weight and total dry weight was lower in pathogen inoculated plants alone even lower than the control plants. This could be due to the fact that in the presence of a biotic stress caused by the pathogen, the plants immune system could not resist the pathogen toxic effect. Hence, producing lower root, stem and total dry weight. This result argue the report of Obeten, et al., (2025), who reported a significant   (P0.05) reduction in dry matter production in AMF in combination with Fusarium in Talinum triangulare plants. Again, the total dry biomass increased with application of AMF (Gm, Gg, Gm+Gg and combine treatment with pathogen (Gm+Fo, Gg+Fo, and Gm+Gg+Fo. This may likely be as a result of initiating different conformational changes in growth of different plants varieties.   Studies have established that the inoculating Cucumber plants with Glomus mosseae elevates root biomass and overall plant vitality by strengthening their defense mechanisms against pathogens such as Alternaria alternate, as evidenced by heightened enzymatic activity within the plants (Khrieba et al., 2023). The significant (P0.05) root:shoot ratio of Vernonia hymenolepis plants inoculated with (Gm, Gg,   Gm+Gg, Gm+Fo, Gg+Fo, and Gm+Gg+Fo (Table 2). This could be due to the direct effect of Fusarium on the plants, may be, AMF may have competed with the roots for photosynthates, thereby having positive root:shoot ratio. This result is consistent with the results of (Diagne et al., 2020; Obeten, et al., 2025). Who documented a higher root:shoot ratio in tomato and Talinum triangulare plants.
5. CONCLUSION
The results provide deeper insight into the potential of arbuscular mycorrhizal fungi as biocontrol agents in managing wilt diseases in Vernonia hymenolepis. Their application demonstrated the activation of distinct plant defense mechanisms. Arbuscular mycorrhizal fungi (AMF) exhibited a protective role by expanding the mycorrhizal interface, which enhanced plant growth, supported greater biomass accumulation, and ultimately improved the plants’ resistance to pathogenic infection. Conversely, arbuscular mycorrhizal fungi (AMF) exerted a direct suppressive effect on the pathogens. Although treatments involving Fusarium combination applications showed a reduction in Fusarium severity, the most pronounced effect was observed in the synergistic interactions among the treatments Gg+Fo, and Gm+Gg+Fo. Although the combined treatment of Glomus mosseae, Glomus gigaspora, and Fusarium oxysporum (Gm+Gg+Fo) was effective in suppressing Fusarium root rot, as evidenced by a reduced severity level, it also recorded superior biomass accumulation, including higher total dry weight and an improved root-to-shoot ratio. Collectively, these findings highlight the potential of arbuscular mycorrhizal fungi (AMF) as sustainable alternatives in agriculture, offering an effective strategy for mitigating soil-borne pathogens while promoting environmentally friendly and health-conscious farming practices. Overall, the results are consistent with the hypothesis presented in the introduction.
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