Associations of biophysical factors with faba bean root rot (Fusarium solani) epidemics in the northeastern highlands of Ethiopia
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Abstract

Two field surveys were conducted during the 2010 and 2011 cropping seasons to determine the distribution and importance of faba bean root rot, Fusarium solani (Mart) Apple and Sacc. in the northeastern highlands of Ethiopia. The associations of the root rot incidence and severity with independent variables was analyzed using a logistic regression model. The associations of disease incidence and severity with biophysical factors were evaluated. The disease incidence and severity varied among soil types, crop management practices and cropping seasons. Disease incidence and percent severity index were higher in 2010 (44.6%) than 2011(44.4%) due to the high rainfall in 2010. Cropping season, soil type, land preparation and weed management practices were significantly associated with faba bean root rot incidence and percent severity index in a multiple-variable model. A root rot incidence of ≤ 50% and severity of ≤ 40%  showed high probability of association with season, furrow sowing and weed management practice, whereas vertisols, flat sowing, high soil moisture and high weed density had significant contributions to root rot epidemics. In contrast, elevation, cropping system and crop density were not associated with the root rot incidence and percent severity index. Our results showed that root rot is a major biotic constraint in the study area and suggested that proper soil drainage and weed management practices could contribute to reduce the impact of the disease until resistant faba bean genotypes are developed and distributed to small-scale faba bean growers in northeastern Ethiopia and other similar areas of the country.
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1. Introduction

Faba bean (Vicia faba L.) is a major food and feed legume crop worldwide, and the main faba bean-producing countries are China, Europe, Ethiopia, Egypt and Australia (Duc et al., 2010; Jensen et al., 2010). Faba bean is produced in diverse agro-ecologies and farming systems in Ethiopia (Asfaw et al., 1994; CSA, 2010; Mussa et al., 2008), and covered more than 50,000 ha in northeastern Ethiopia (CSA, 2010). However, the area under faba bean cultivation is steadily declining (CSA, 2010) partly attributed to root rot diseases, which discourage farmers from growing faba bean in mainly black soil. Root rot of faba bean is caused by a complex of pathogens (Fusarium solani, Rhizoctonia solani, Sclerotium rolfsii, Fusarium spp. and Pythium spp.) causing considerable economic losses in Ethiopia (Stewart and Dagnachew, 1967; Habtu and Dereje, 1985). In the central highlands of Ethiopia, faba bean black root rot is an important disease in black clay soils for which water logging is a problem (Asnakew, 1988; Dereje and Tesfaye, 1994; Tesfaye, 1999; Birhanu et al., 2003). It is caused by Fusarium solani (Mart) Apple and Sacc. (Leslie and Summerell, 2006). 
Fusarium solani is known to be very persistent pathogen in soil as clamydospores, and capable of surviving in infested soils for a long period of time (Aviles et al., 2003; Abeysinghe, 2007; Hasanzade et al., 2008). The fungus can also survive as mycelium or spores in infected or dead tissues (Agrios, 2005). The long monophialides bearing microconidia found in F. solani are differentiating from the short monophialides bearing microconidia in F. oxysporum and other species (Leslie and Summerell, 2006). The symptoms of the disease are manifested by a black discoloration of the main root and lateral roots, beginning at or near the soil level. The above-ground symptoms include a yellowing of the leaves from the lowest part of the plant, and many infected plants do not produce pods. The infected plants ultimately die (Dereje and Tesfaye, 1994).

Root rot of faba bean can cause an average yield loss of 45% that can reach 100% when the conditions favor disease development (PPRC, 1996). Factors that influence or favor root rot disease epidemics are the production system and environmental variables (Fininsa and Yuen, 2001, SAS, 2004; Woldeab et al., 2007), high soil moisture, low nutrient supply, wet soil physical conditions, agronomic practices and occurrence of other diseases and pests (Salt, 1982). Because root rot is a constant threat to faba bean-growing areas of Ethiopia, it is prudent to quantitatively determine its distribution, associated pathogens and factors affecting disease development. Indeed, sustainable management of the disease requires a thorough understanding of the factors affecting root rot, which is lacking in Fusarium-Vicia pathosystem in Ethiopia. This paper reports the distribution of faba bean root rot in the major faba bean-growing districts of the northeast highlands of Ethiopia in relation to biophysical factors.

2. Materials and Methods
2.1. Survey areas

Faba bean root rot surveys were conducted in three major faba bean-growing districts (Delanta, Jama, and Woreillu) in the northeast highlands of Ethiopia (Fig. 1). They are located between 39°07’ to 39°26’E and 10°19’ to 11°35’N, with elevations ranging from 2551 to 3017 m.a.s.l. The districts were selected based on the intensity of faba bean production. The dominant soil type of the study area was black vertisols, characterized by poor drainage (Asnakew, 1988; Getachew, 1991).

 2.2. Sampling and disease assessments

The surveys were conducted in 2010 and 2011 cropping seasons in the months of September and October and a total of 240 faba bean crops were assessed at the flowering stage.
The faba bean fields were randomly sampled at intervals of 5-10 km along the main and feeder roads. In each field, five quadrats (1 m2 each) were sampled by walking diagonally across each field in an ‘X’ pattern. Disease incidence was recorded as the percentage of plants showing root rot symptoms in each quadrat, and the averages of the five quadrats were calculated for each field. Ten faba bean plants were randomly selected from each quadratand disease severity was estimated as the area of root tissue damaged using a 0-5 rating scale, as follows: 0 = healthy (without any damage); 1 = slight damage (1-10%); 2 = moderate damage (11-25%); 3 = moderate to heavy damage (26-50%); 4 = heavy damage (51-75%) and 5 = very heavy damaged (76-100%). The disease severity scores were converted into a percentage severity index (PSI) (Fininsa and Yuen, 2001; McFadden et al., 1989; Ondrej et al., 2008).
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Other biophysical factors like the preceding crops, land preparation, cropping system, plant density, elevation, sowing time, extent of weeding, soil type and crop season were recorded. Randomly sampled diseased plants were collected for further laboratory study.

2.3. Data analyses
Descriptive parameters were used to analyze the incidence and PSI of faba bean root rot in relation to the independent variables (Table 1). Disease incidence and PSI were classified into distinct groups of binomial qualitative data as described by Fininsa and Yuen (2001) and Zewde et al., (2007). Class boundaries were selected so that groups contained approximately equal totals; thus, ≤ 50% and > 50% were chosen for the disease incidence, yielding a binary dependent variable. Class boundaries of ≤ 40 and > 40% were chosen for the PSI data. Contingency tables of the disease incidence and PSI and independent variables were built to represent the bivariate distribution of the fields (Table 1). T- tests were used to compare the frequencies of diseased fields between seasons, soil type and land preparation  based on the proportion of fields in each district that were assigned to a given disease incidence or severity class (Sahile et al., 2008).

The association of faba bean root rot with the agronomic practices and environmental variables were analyzed using a logistic regression model ( Fininsa and Yuen,2001; Yuen,2006); using SAS procedure of GENMOD (SAS, 2004). The GENMOD procedure fits a generalized linear model to the data with a maximum likelihood estimation of the parameter. The logistic regression model allows the evaluation of the importance of multiple independent variables that affect the response variables (McCullagha and Nelder, 1989). 

The importance of the independent variables was evaluated twice in terms of their effect on the incidence and PSI. First, the association of all the independent variables was tested with the root rot incidence and PSI in a single-variable model. Second, the association of an independent variable with the disease incidence or PSI was tested when entered first and last with all the other variables in the model. Lastly, those independent variables with significant association to the disease incidence or PSI were added to a reduced multiple-variable model. The significance of the soil type, land preparation, weed management and cropping season were tested in a reduced multiple model by adding these variables sequentially. The parameter estimates and their standard error were analyzed using the GENMOD procedure both for the single and multiple models. The odds ratio was obtained by exponentiation of the parameter estimates for comparing the effect based on a reference point. A complete analysis of the deviance reduction was calculated for each variable as it was added to the reduced multiple-variable model (Fininsa and Yuen, 2001, Yuen, 2006; Woldeab et al., 2007). The deviance, the logarithm of the ratio of two likelihoods, was used to compare the single- and multiple-variable models. The difference between the likelihood ratio tests (LRTs) was used to examine the importance of the variable and was tested against the Chi-square value (McCullagha and Nelder, 1989).

3. Results

3.1. Characteristics of surveyed farmer fields

Nearly 47% of the 240 faba bean fields surveyed were sowed at recommended plant density (approximately 33 plants m-2) by  research system (SARC,2004), whereas 33% and 20% of the fields showed higher and lower plant densities, respectively. The majority of the farmers (70%) sowed their faba beans flat, and the remainder planted using furrows. Faba bean was planted mixed with field pea (Pisum sativum), linseed (Linum usitatissimum L.) or fenugreek (Trigonella foenum-graecum) in only 11% of the fields (Table 1).

Approximately 22% of the fields were well weeded, though the remaining fields showed different levels of weed infestation (Table 1). The most commonly observed weed species were Medicago spp., Phalaris spp., Galinsoga parviflora, Bidens macroptera and Commelina spp. The majority of the fields (77.9%), were heavy black vertisols with a clay content of 60-65%, and a pH range of 6.5-6.8, which was slightly acidic (data not shown). 

3.2. Distribution, incidence and severity of Faba bean root rot

Fusarium solani was shown to be the most common and frequently isolated (73%) pathogen from infected roots of faba bean, followed by R bataticola (32.6%), F. oxysporium (27%), R. solani (10.9%), Ditylenchus dipsaci (8.7%) and Alternaria spp. (2.2%); the remainders (4.3%) were unidentified fungi  species (data not shown).

All faba bean fields surveyed in the two cropping seasons were infested by root rot and the prevalence was 100%. In the 2010 cropping season, 56.7% of the fields had more than 50% root rot incidence, whereas only 1.2% of the faba bean fields showed more than 50% disease incidence in 2011 (Table 1). The PSI values of the disease were higher in the 2010 cropping season in all three districts than in 2011 (Table 2).

In the 2010 cropping season, the highest mean disease incidence (56.0%) was recorded in the Woreillu district, whereas Delanta district showed the lowest disease incidence (44.6%). Mean PSI values of 40.1%, 41.3% and 39.6% were recorded in Delanta, Jama and Woreillu, respectively (Table 2), and the mean incidence of root rot was higher in the flat-planted crops (51.9%) than those planted in furrows (41.1%). Similarly, PSI of 40.8% was recorded for the flat-planted faba bean, whereas the level was 38.8% for the furrow-planted crops. A high incidence of root rot was observed in poorly weeded (51.7%) compared with well-managed fields (47.1%).

In the 2011 cropping season, the highest mean disease incidence (30.3%) was recorded in the Delanta district, whereas the lowest (23.8%) was in the Jama district. Comparable PSI levels of 23.4% and 23.9% were recorded in the Delanta and Woreillu districts, respectively, whereas the lowest PSI level was (19.8%) in Jama. In the 2011 cropping season, there were variations in root rot among the different soil types and land preparation (Table 2). Mean root rot incidence of 28.4% was recorded for the faba bean grown in vertisols whereas 23.9% was recorded in non-vertisols. The flat sowing of faba bean showed a higher disease incidence (29.7%) and PSI (23.7%) than furrow sowing (with incidence and severity levels of 22.8% and 19.9%, respectively). Poorly weeded faba bean fields showed a higher disease incidence (29.0%) compared with properly weeded fields (26.2%).
Over the two seasons, the highest mean root rot incidence (42.0%) was recorded in the Woreillu district, and the lowest was recorded in Jama district (35.5%). Mean PSI levels of 31.8%, 30.6% and 31.8% were recorded in the Delanta, Jama and Woreillu districts, respectively (Table 2). Among the faba bean fields, a lower mean disease incidence (35.1%) and PSI (29.9%) were recorded on non-vertisols than vertisols (mean incidence and PSI levels of 39.3% and 31.8%, respectively). Comparatively lower disease incidences (30.5%) and PSI values (27.9%) were recorded for the furrow-planted faba bean fields, whereas flat sowing showed incidence and PSI levels of 41.6% and 32.8%, respectively (Table 2). The t-test showed significant variation between seasons and land preparation (P < 0.01 and P≤ 0.05) for disease incidence and percentage severity index of the root rot disease (Tables 3). 

3.2. Association of faba bean root rot with biophysical factors

The district, soil type, land preparation, sowing time, weed management and season were highly associated with the root rot incidence when entered into a model (Table 4). Among the independent variables, the district, soil type, land preparation and cropping season showed significant associations (P < 0.01) with the root rot incidence. The independent variables of soil type, land preparation, sowing time, weed management and cropping season were tested in a reduced multiple-variable model. The parameter estimated resulted from the reduced regression model and their standard errors are shown in Table 5. A root rot incidence of < 50% showed a high probability of association with non-vertisols, furrow sowing, late sowing, good weed management and crop season. Conversely, a high root rot incidence was associated with vertisols, flat sowing, high rainy season, early sowing and poor weed management practices (Table 5). The elevation, cropping system, plant density and previous crop did not significant association with the root rot incidence.

Land preparation, weed management and cropping season, were highly associated with the root rot PSI (Table 6).  However, the soil type showed significant association when entered last into the model with the addition of other variables (Table 4). A root rot PSI of < 40% showed high probability of association with non-vertisols, furrow sowing, good weed management and the 2011 cropping season; vertisols, flat sowing and the 2010 cropping season had a high probability of association with a high root rot PSI Both root rot incidence and PSI were highly influenced by the soil type, land preparation, weed management and season.

4. Discussion

Faba bean root rot was found to be widely distributed in all the three surveyed districts and was prevalent in all the fields, regardless of the crop season and soil type. The incidence and PSI of the disease varied among the cropping seasons in all the districts. In the 2010 cropping season, the disease was higher than in 2011, apparently because the rainfall in 2010 was high throughout the surveyed region (Fig. 2). The presence of high moisture might have created a conducive environment for the development of the pathogen. High rainfall promotes the leaching of base-forming cations and might increase soil acidity (Taye and Yifru, 2010). High water content (80% of field capacity) and low soil pH was previously reported to enhance the root rot and wilt caused by F. oxysporum f.sp. cubense (Abdel-Kader et al., 2004). Li and Nan (2000) also found that soil maintaining more than 50% water-holding capacity favors the development of root rot in faba bean fields. In the present study, the disease incidence and PSI in 2010 were higher by 44.5% and 44.4%, respectively, than in the 2011 cropping season.

The highest root rot incidence was recorded in Woreillu, whereas the lowest was in the Jama district; the incidence in the Woreillu district was greater by 10.9-15.5% than the other districts. This difference could be attributed to the continuous cultivation of faba bean over the years. A farming system survey by SARC (1996) indicated that faba bean cultivation is declining steadily due to root rot, as farmers substitute this crop with other legumes, mainly grasspea (Lathyrus sativus), which is less demanding than faba bean but can expose poor farmers to health hazards due to the neurotoxin content of its seeds.

In the surveyed region, high root rot infection was observed on faba bean plants grown in vertisols. In the central highlands of Ethiopia, black root rot was found to occur in black clay soil for which water logging is a major problem (Dereje and Tesfaye, 1994; Tesfaye, 1999); Birhanu et al., 2003). Berhanu (1985) and Asnakew (1998) reported that vertisols in Ethiopia generally contain more than 40% clay and have a high moisture storage capacity and poor drainage. Although the soil type was not independently considered to be important, it was significant when combined with increased rainfall. The faba bean plants in flat-sown fields showed higher root rot infestation compared to the furrow-sown crops. As water logging is the key factor in predisposing the crop to infection, the excess water drained from the furrow-sown faba bean fields resulted in decreased root rot incidence and severity. Clearly, proper drainage of faba bean fields minimizes root rot diseases (Berhanu, 1985; Dereje and Tesfaye, 1994; Abeysinghe, 2007). Raised-bed planting was also found to reduce wilt/root rot of chickpea in northwestern Ethiopia (Merkuz and Getachew, 2012).

Throughout the survey areas, a high incidence and severity of root rot was observed in poorly weeded fields. The presence of high weed infestation could reduce crop vigor, promoting the development of the disease, a situation that has been reported for different host-pathogen systems, whereby competition for space and soil nutrients in highly weed-infested fields was found to render crops susceptible to both foliar and soil-borne pathogens (Sahile et al., 2008; Zewde et al. 2007). Among other diseases of faba bean, stem nematode (Ditylenchus dipsaci) was widely observed in the surveyed districts, and tissue damage by nematodes might have predisposed the affected plants to infection by root rot pathogens, aggravating the disease. Several work reported that some nematodes can predispose roots of crop plants to infection by fungal diseases (Powel, 1971; Kumar, 2008; Senthamarai et al., 2006). 

The comparison of faba bean crops sown in fields with high and low plant densities revealed no significant association between root rot and plant density, unlike plant density the higher disease incidence  with early sowing in June versus July. Farmers in the area widely practice the dry sowing of faba bean in early June before the commencement of rains. Thus, the high root rot incidence in the faba bean plants sown in June might be due to the extended infection period of the pathogen in the soil. A high weed infestation resulting from early-planted faba bean fields also increases root rot infection.

Logistic regression analyses indicated that vertisols, flat sowing, high weed infestation and high moisture in the soil were associated with the root rot incidence and severity and had significant contributions to the development of epidemics. The regression model quantified the relative importance of the multiple explanatory variables, indicating the variation of the disease epidemic either singly or in combination. There were some independent variables that were more important for increasing the disease than other variables. Both the qualitative and quantitative survey data generated from different agro-ecologies, agronomic practices and cropping seasons could be easily analyzed by this model to identify factors that promote disease development (Fininsa and Yuen 2001; Zewde et al. 2007). The present study showed that the faba bean root rot incidence and severity varied among the soil type, land preparation, weed management practice and cropping season. Aviles et al. (2003) also reported that the severity of root rot depends on cultural and climatic factors, such as the soil moisture, depth of sowing and stress from low temperature.

This study indicated that root rot disease is widely distributed and is a major problem in most faba bean-growing areas of the northeastern highlands of Ethiopia. The relationship of stem nematodes to the root rot of faba bean needs to be further investigated in relation to its role in root rot. The analyses of the association of biophysical factors with root rot suggest that designing appropriate technologies to alleviate seasonal water-logging in vertisols is important. Proper weed management, in addition to its agronomic importance, can reduce the risk of root rot. Furthermore, disease management measures that are suitable for adoption by the small-scale farmers who are the major growers of faba bean in the region are important. One of the reasons for high incidences of faba bean root rot is the lack of resistant varieties as well as poor agronomic practices. Thus, breeding for resistance to faba bean root rot should be given high priority and should be supported with good agronomic management practices that do not favor disease epidemics.
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