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Field Evaluation of Six Plantain Cultivars for Response to Pseudocercospora fijiensis Incidence and  Severity and their Yield, Bas-Fleuve Region, Democratic Republic of Congo
ABSTRACT
	The objective of this study was to evaluate 6 plantain cultivars for response to P. fijiensis, the causal agent of black sigatoka disease (BSD) in Bas-fleuve agroecological conditions, Kongo Central, Democratic Republic of Congo. The study was conducted between October 2022 to October 2023 using a randomized complete blocks design with seven treatments replicated three times. The plantain cultivars used as plant material were: TSELUKA, NYAMA SOLO, ISANZI, NABIBUMBU, MUSHIBA, T6 and SUD KIVU. The cultivar TSELUKA was used as a control. Data collected concerned the height and circumference of the pseudostem, BSD incidence and severity, weight of bunch and yield estimated. All data collected were subjected to analysis of variance at a 5% threshold. The results shown pathological and yield data differ significantly among cultivars. All plantain cultivars expressed BSD symptoms. The cultivar MUSHIBA presented the highest BSD incidence (10.6%), while the cultivar NYAMA SOLO showed the lowest BSD incidence (5.9%). The highest BSD severity (score 4.5) was recorded on cultivar SUD KIVU, while the lowest BSD severity (score 3.0) was noticed on cultivar NYAMA SOLO. The cultivar NYAMA SOLO presented the highest weight of plantain bunch per plant, and plantain yield (6.0kg and 9.6 Mg per hectare, respectively), while the cultivar MUSHIBA presented the lowest weight of plantain bunch per plant and plantain yield (4.0kg and 6.4 Mg per hectare, respectively). In conclusion, the BSD symptoms were observed on all plantain cultivars with incidence and severity varying from one cultivar to another. The cultivar ISANZI showed better growth, while NYAMA SOLO showed lowest BSD pression, highest banana weight and yield.
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1. INTRODUCTION
Plantains (Musa paradisiaca) are considered one of the most important crops in developing and in tropical and subtropical countries (Frison et al., 2004). In 2020, their world production exceeded 162 million tons, for 11.7 million hectares cultivated (FAOSTAT, 2022). In Democratic Republic of Congo (DRC), plantains constitute an important staple providing food and income to millions of households. They are generally grown by small farmers with few inputs in various agrosystems, around houses, in mono or polycultures, and on variable areas ((0.5 – 5 or 7ha). DRC's plantains production is consumed locally. Which demonstrates the importance of these crops for thousands of Congolese households. There are not recent up-to-date data on the country's plantains export volume.
Despite their importance, plantain yield in small-scale production systems is declining; this, in part, is due to diseases such as Black Leaf Sigatoka Disease (BLSD), also known as Black Sigatoka disease (BSD) (Castro et a., 2005; Dita et al., 2013). This fungal leaf disease caused by Pseudocercospora fijiensis remains one of the most destructive biotic pests of banana and plantain. It results in necrotic streaks on the leaves, a loss of photosynthetic capacity (Churchill, 2011), and causes premature fruit ripening, which reduced yield. In the absence of treatment, yield losses can exceed 50% (Hermanto et al., 2010).
To combat this disease, fungicides are used in commercial plantations and are applied up to 70 times per year (Noar et al., 2022). However, in subsistence farms, the exorbitant cost of pesticides does not allow effective control of the disease. This is why the BSD remains more devastating in subsistence farms than commercial plantations. In addition to chemical control, cultural practices can aid in the management of BSD. For example, growing plants in good and fertile soil results in more vigorous plants with reduced disease severity (Kablan et al., 2012). Moreover, symptomatic leaves should ideally be removed from the plantation and burned or buried to eliminate the inoculum, although in practice, this can be prohibitively labor-intensive (Craenen, 1998). The use of disease-free planting material is also recommended as a cultural practice to combat this fungal disease (Dubois et al., 2012). Beyond the above-mentioned control strategies, the use of resistant plantains cultivars proves to be one of the least expensive means of disease control for small agricultural producers. In many research institutes, active breeding and improvement are ongoing (Kimunye at al., 2021; Soares et al., 2021), to produce resistant planting materials of plantains. Resistant varieties of diverse cultivars and types of bananas have been developed that are used in breeding programs and, to a limited extent, grown commercially (Soares et al., 2021). 
In DRC, several plantain accessions developed by different breeding programmes in the world have been introduced through its National Banana Programme of National Institute for Agronomic Study and Research. Some of these accessions have not been evaluated for their response to BSD in different agroecological zones of DRC. The objective of this study was to evaluate 6 plantain cultivars for response to P. fijiensis in Bas-fleuve agroecological environment (Kongo Central Province). This was done to identify the plantain cultivar that is least attacked by P. fijiensis, and gives better yield.
2. MATERIALS AND METHODS
2.1. Experimental Site
The experimental field was located in the Lusanga agglomeration, Moanda territory, Kongo Central Province, DRC. The geographical coordinates indicated 5°55’ latitude S, 12°22’ longitude E, and 49m altitude. The vegetation of experimental site was dominated by Imperata cylindrica and Panicum maximum that were previously removed during site preparation. According to the Köppen classification, Moanda has a semi-arid climate with the average monthly temperature varying between 22 and 24°C, the average monthly relative humidity 77 to 81%, annual rainfall is around 772 mm. However, it varies greatly from one year to the next. The rainy season extends from mid-October to mid-May and the dry season from mid-May to mid-October. April is the wettest month.
2.2. Plant Materials Used

In this study, plant material used were seven plantain cultivars obtained from the National Banana Program of ((Institut National pour l’Etude et la Recherche Agronomiques((/Mvuazi Centre. The plantain cultivars used were: TSELUKA, NYAMA SOLO, ISANZI, NABIBUMBU, MUSHIBA, T6 and SUD KIVU. The TSELUKA cultivar was used as a control. The shoots obtained from these cultivars were placed in a germination tray in order to stimulate their recovery. After the recovery of the shoots, the suckering was practiced to eliminate the surplus of the shoots, and to select only the shoots to be used in the experimental plot. The suckering has advantages in a plantain plantation, to control the density, to avoid competition and the formation of a plantain forest. The eliminated shoots were cut 10 cm above the ground, disgusted or incised in a cross to deactivate their meristems. 
2.3. Experimental Design, Data Collection and Statistical Analysis

The study was conducted using a randomized complete block design with seven treatments three times replicated. Treatments represented different plantain cultivars. Each elementary plot measured 14m x 2.5m, and contained five plantain plant at spacings 2.5m x 2.5m. Distance between two neighboring blocks was 4m. Parameters recorded were based vegetative development, BSD incidence and severity, weight bunch and yield plantains. The vegetative parameters concerned the height and circumference of the pseudostem. The height was measured using a tape measure from the soil surface to the V-shaped point where the petioles of the two youngest leaves fully opened met. The circumference was measured on the pseudo stem at 5 cm above the ground, to avoid the swollen part. 
The BSD was appreciated by incidence and severity. The BSD incidence represented the percentage of plantain plants expressing disease symptoms. The BSD severity was assessed using the scale ranging from 0 to 6 as described by Stover & Dickson (1976) cited by Ewané et al. (2020), where score 0 represents a leaf without disease symptoms, and score 6 corresponding to 51 to 100% of the leaf surface colonized by disease symptoms. The weight and yield of plantain bunches were recorded at harvest. All data collected were subject to analysis of variance at the 5% probability level. The mean comparison was separated using the least significant difference (LSD) test. Statistical analysis was made using Statistix 8.0 software (free version), and the tables were done using Microsoft Excel 2003 software.  
3. RESULTS AND DISCUSSION
3.1. Results
In Table 1 were presented data relating to circumference and height of pseudostem of plantain cultivars. Results reported in Table 1 indicate that the highest pseudostem circumference (63.1cm) was recorded on NYAMA SOLO cultivar, while the lowest pseudostem circumference (52.1cm) was noticed on SUD KIVU cultivar. The other cultivars presented a pseudostem circumference between 55.2 and 62.8cm. The highest pseudostem height (181.6cm) was observed on ISANZI cultivar, while the lowest pseudostem height (134.7cm) was recorded on SUD KIVU cultivar.
Incidence and severity of BSD were reported in Table 2. Results presented in Table 2 relating to BSD incidence and severity show significant difference among plantain cultivars. The cultivar MUSHIBA presented the highest BSD incidence (10.6%), while the cultivar NYAMA SOLO showed the lowest BSD incidence (5.9%). The highest BSD severity (score 4.5) was recorded on cultivar SUD KIVU, while the lowest BSD severity (score 3.0) was noted on cultivar NYAMA SOLO.
The Table 3 presents results relating to the plantain bunch weight and the plantain yield estimated. Results reported in Table 3 show significant difference among plantain cultivars at 5% probability threshold. The cultivar NYAMA SOLO presented the highest weight of plantain bunch per plant, and plantain yield (6.0kg and 9.6 Mg per hectare, respectively), while the cultivar MUSHIBA presented the lowest weight of plantain bunch per plant and plantain yield (4.0kg and 6.4 Mg per hectare, respectively).
3.2. Discussion

Results of the present study did not show significant difference has seen on vegetative development data, whereas, significant differences were noted for pathological and yield data. The assessment of the vegetative development of plantain cultivars by measuring the circumference and height of their pseudostem indicates that their average circumference varied from 52.1 to 63.1cm, while their pseudo stem height varied from 134.7 to 181.6cm. This is in accordance with [13] who observed that all growth characters studied showed significant variations among plantain cultivars. These variations could be as a result of the interaction that took place between the genotype of each cultivar and the agroecological conditions of the experimental site.     

Analysis of the response of cultivars to black sigatoka disease (BSD) indicates that all plantain cultivars used expressed BSD symptoms. Our observation agrees with [7] who mentioned that since BSD was described in Sigatoka Valley, this disease has spread to most plantain-growing regions around the world. The BSD pressure evaluated by incidence and severity revealed these parameters varied among plantain cultivars. BSD incidence ranged from 5.9 to 10.6%, and severity from score 3 to score 4.5. On plantain cultivars, the different levels of BSD expression could be due to several factors. Kablan et al. [8] noted that host response to infection can also depend on plantation management, including soil fertility regimes and nutrients, as well as pathogen characteristics. However, in this study, all six plantain cultivars were planted in the same experimental field where soil properties were homogeneous. From where, the response of plantain cultivars to BSD expression and development can be attributed to different levels of aggressiveness and virulence of P. fijiensis strains [12] having infected plantain plants, and the physiological condition of plantain cultivars at the time of their infection.
The weight of plantain bunch produced per plant varied from 4.0 to 6.0kg, and the plantain yield estimated varied from 6.4 to 9.6 Mg per hectare. These results are in accordance with [13] who observed that yield components differ significantly among plantain cultivars. In addition, the study revealed that yield components correlated more within themselves than with growth parameters.   
4. CONCLUSION  
The study relating to growth and yield parameters demonstrate that the plantain cultivars used have adapted well to agroecological environment of the experimental site. The black sigatoka disease (BSD) symptoms were observed on all plantain cultivars with incidence and severity varying from one cultivar to another. The cultivar ISANZI showed better vegetative development, while NYAMA SOLO showed lowest BSD pression, highest banana weight and yield. Molecular analyses are underway to identify the different P. fijiensis strains that are prevalent in the study area.
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Table 1. Circumference and height of pseudo stem
	Cultivar 
	Pseudo stem circumference (cm) 
	Pseudo stem height (cm)

	TSELUKA (control)
	55.2a
	147.8a

	SUD KIVU
	52.1a
	134.7a

	ISANZI
	62.8a
	181.6a

	NABIBUMBU
	59.4a
	160.4a

	MUSHIBA
	62.6a
	172.2a

	T6
	58.2a
	159.1a

	NYAMA SOLO
	63.1a
	180.3a

	LSD0.05
	NS
	NS


In each column means followed by the same alphabetic letter are not significantly different at the 5% probability level. NS: Not significant.
Table 2. Black Sigatoka Disease incidence and severity 

	Cultivar 
	BSD incidence (%)
	BSD severity (scale 0-6)

	TSELUKA (control)
	8,1bcd
	4.0ab

	SUD KIVU
	10,0ab
	4.5a

	ISANZI
	7,0cd
	3.5bc

	NABIBUMBU
	6,6cd
	4.0ab

	MUSHIBA
	10,6a
	3.5bc

	T6
	8,5abc
	4.0ab

	NYAMA SOLO
	5,9d
	3.0c

	LSD0.05
	2.4
	0.7


In each column means followed by the same alphabetic letter are not significantly different at the 5% probability level.
Table 3. Weight of plantain bunch per plant and plantain yield 

	Cultivar 
	Weight of plantain bunch per plant (kg)
	Plantain yield (Mg ha-1)

	TSELUKA (control)
	4.9abc
	7.8abc

	SUD KIVU
	4.5bc
	7.2bc

	ISANZI
	5.0abc
	8.0abc

	NABIBUMBU
	5.5ab
	8.8ab

	MUSHIBA
	4.0c
	6.4c

	T6
	4.7bc
	7.5bc

	NYAMA SOLO
	6.0a
	9.6a

	LSD0.05
	1.2
	1.9


In each column means followed by the same alphabetic letter are not significantly different at the 5% probability level.

