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Agronomic Performance of Big Ebanga Plantain Banana (Musa paradisiaca) using Rubber Seed Cake Meal as Biofertilizer popularized in Ivory Coast
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ABSTRACT

	
Aims: The aim of this study was to evaluate the biofertilizing effect of rubber seed meal on the agronomic parameters of the Big Ebanga variety of plantain (Musa paradisiaca).

Place and Duration of Study: National Agricultural Research Center (Bimbresso, Abidjan, Ivory Coast) from March 2024 to January 2025

Methodology: A randomized block experimental design was used with four treatments and four replicates for each treatment on an area of one hectare. The treatments consisted of: T1 (240 kg/ha of nitrogen (N) and 658 kg/ha of potassium (K)); T2 (5 kg of banana cake); T3: (7.5 kg of cake/banana tree) and T4 (10 kg of cake/banana tree). The work consisted of measuring agronomic parameters such as the height and circumference of plantain trees, the number of leaves produced, the number of functional leaves, and the interval between planting and flowering

Results: The results showed that rubber seed meal promotes optimal growth in banana plants. Banana plants that received 10 kg of rubber seed meal flowered only ten days after those that received chemical fertilizer. The number of leaves alive at flowering was also higher than the minimum recommended for a good yield. The yield was 22 t/ha for treatment T4 and 25 t/ha for chemical fertilizer (T1). Statistically, the two yields are identical

Conclusion: Seed cake is rich in fertilizing potential. A dose of 10 kg/plant could be suitable for plantain cultivation.




Keywords:rubber tree seeds, biofertilizer, agronomic parameters, plantain banana


INTRODUCTION 

The plantain banana tree (Musa paradisiaca L.) is a herbaceous plant that grows in most tropical and subtropical regions around the world [1]. The banana tree is planted mainly for its fruit, which is a strategic commodity for food security and income for millions of households in tropical countries [2]. Globally, bananas contribute to the diet of around 400 million people and are among the four staple food crops after rice, wheat, and corn [3]. In West Africa, particularly in Côte d'Ivoire, plantains rank third among food crops with an estimated productivity of 2,126,264 million tons [4]. This fruit is an excellent source of energy (120 Kcal) and rich in minerals (magnesium, potassium, calcium, phosphorus) [5, 6]. Growing demand has led to a shortage of this commodity, as demand exceeds supply. Among the causes of this deficit is insufficient production, largely due to soil infertility and the seasonality of the fruit [7]. To remedy this soil infertility and increase production, farmers resort to chemical fertilizers as a solution [8]. These chemical fertilizers provide the elements that plants need for growth, but they cause environmental and ecological problems. These chemical fertilizers are sometimes expensive. This makes them almost inaccessible to small farmers [9]. In addition, the constant use of chemical fertilizers destroys microflora, making the soil acidic and reducing its organic matter content [8]. Therefore, the use of organic fertilizers appears to be a promising alternative [10,11]. These organic fertilizers improve the soil's microflora while modifying the biochemical, nutritional, and microbiological compositions of crops [12]. Among these organic fertilizers are waste products from the extraction of oil (oilcake) from rubber tree seeds [13,14]. This will add value to the seeds on the one hand, and on the other hand offer a sustainable alternative for improving soil fertility. Thus, the use of oil cake from rubber seed oil extraction as a biofertilizer could reduce input costs and limit the environmental footprint of agricultural systems. Beyond its use in animal feed, this oil cake could have beneficial effects if used as a fertilizer. Rubber seed meal, rich in organic nutrients, can be composted and returned to the soil as a soil amendment. Positioning this meal as a biofertilizer for plantains would thus offer a twofold opportunity: improving the agronomic parameters of the Big Ebanga variety and creating bridges between two flagship sectors of Ivorian agriculture. In this context, this study evaluates the effect of rubber seed meal, widely used in Côte d'Ivoire as a biofertilizer, on key agronomic parameters of the Big Ebanga variety of plantain (Musa paradisiaca), in order to assess its potential as an alternative (or complement) to mineral fertilizers in the context of ecological intensification of production systems.

material and methods

material

The plant material consists of Big Ebanga variety plantain banana plants from the collection of the National Agricultural Research Center (CNRA) in Bimbresso (Ivory Coast). The cake was obtained from the same research station after extraction of oil from rubber seeds. A mechanical screw press was used to extract the oil and oilcake, as described by [15]

STUDY AREA

The study was conducted at the Bimbresso research station of the National Agricultural Research Center (CNRA), located in southern Côte d'Ivoire, in an area of dense evergreen rainforest. The station's average annual temperature is 28.8°C, with a minimum of 22.5°C in September and a maximum of 32.3°C in February. The climate is sub-equatorial with bimodal rainfall. The soil is ferralitic, derived from tertiary sand, with a sandy-clay texture [16].

METHODS

The study was conducted in a randomized block design with four treatments and four replicates, using fertilizer and cake doses as defined by Sylla et al [17]. The treatment consisted of placing rubber seed cake at the base of each banana tree, in varying amounts depending on the different treatments. The viva-plants were planted in 30 x 30 x 30 cm holes dug by hand. A distance of 2.5 meters was maintained between blocks and 2 meters between plants, with a density of 2,000 plants/ha. Two rows of six banana trees were selected per treatment in each repetition, for a total of forty-six banana trees for each treatment. The recommended dose was used for the control (T1) 240 kg/ha of nitrogen (N) and 658 kg/ha of potassium (K). Nitrogen (N) and potassium (K) were supplied in the form of urea (46% N) and potassium chloride (60% K2O). Based on the mineral composition of rubber seed meal, three treatments were formulated.  
The treatments (T) consisted of 
T1: 240 kg/ha of nitrogen (N) and 658 kg/ha (recommended dose)
T2: 5 kg of cake/banana tree
T3: 7.5 kg of cake/banana tree
T4: 10 kg of cake/banana tree

GROWTH PARAMETERS 

The vegetative growth parameters of banana trees were assessed monthly from the third month after planting until flowering. The parameters measured included: the height of the banana trees (pseudostem) was measured from ground level to the “V” point formed by the last two leaves. The circumference of the pseudostem was measured 10 cm above the ground. The total number of leaves produced, the number of functional leaves, and the planting-flowering interval (PFI) and planting-harvesting interval (PHI) were counted. Yield was calculated based on the number of banana trees harvested and brought back per hectare.

STATISTICAL PROCESSING

The results are expressed as means ± standard deviations. One-way analysis of variance (ANOVA) was performed on all results obtained in order to determine whether there were any statistically significant differences between the various values calculated. The different means were compared using Duncan's test at a 5% probability threshold. These statistical analyses were performed using XLSTAT 2019 software.

results and discussion

RESUlTS
GROWTH PARAMETERS OBSERVED FROM THE 3RD TO THE 6TH PLANTING (Table 1)
The different treatments promoted significant growth of banana trees over time. Growth increased from one treatment to another. For the first six months, heights were 54.83-108.21; 46.93-135.00; 45.96-124.33; and 50.68-141.07 cm for treatments T1, T2, T3, and T4, respectively.
The circumference of the banana trees increased with each treatment and according to the mass of the cake. A significant difference at the 5% threshold existed from the fifth month onwards. The values varied for treatments T1 (16.93-34.32 cm); T2 (14.00-42.82 cm); T3 (13.70-39.23 cm); T4 (14.57-44.43 cm). From the third to the sixth month, the highest circumferences were observed in treatments T2 and T4. 
The number of leaves produced varied significantly by treatment and data collection period. From the third to the sixth month, the treatments that received oilcake produced more leaves than those that received chemical fertilizer. Treatment T4 (11.38-27.34) produced the highest number of leaves, followed by T2 (10.35-25.99), T3 (10.65-25.31), and the lowest for T1 (11.06-23.84).
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The number of leaves increased in the first 3 and 4 months of the experiment for all treatments applied. Treatments T1, T2, T3, and T4 yielded leaf counts of 7.50-3.71, 6.55-4.82, 7.22-4.87, and 7.81-5.29, respectively. Treatment T4 yielded the highest values during the first six months of the experiment.
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	settings
	Treatment 
	3 months
	4 months
	5 months
	6 months

	Height (cm)
	T1
	54.83 ± 21.34d A
	80.58 ± 32.23c A
	100.60 ± 28.95bc B
	108.21 ± 38.90b B

	
	T2
	46.93 ± 15.37d A
	81.40 ± 29.09c A
	116.21 ± 31.01b AB
	135.00 ± 28.12b A

	
	T3
	45.96 ± 17.42d A
	81.50 ± 28.65c A
	126.21 ± 28.84b A
	124.33 ± 26.80b AB

	
	T4
	50.68 ± 12.10d A
	99.07 ± 23.90c A
	128.03 ± 26.99b A
	141.07 ± 29.17b A

	Circumference at the collar (cm)
	T1
	16.93 ± 6.89d A
	25.92 ± 9.95c A
	31.56 ± 28.95bc B
	34.32 ± 13.05b B

	
	T2
	14.00 ± 4.88d A
	25.97 ± 9.14d A
	38.76 ± 9.38c A
	42.82 ± 9.94b A

	
	T3
	13.70 ± 5.11d A
	25.30 ± 9.29c A
	35.48 ± 9.44b AB
	39.23 ± 9.12b AB

	
	T4
	14.57 ± 3.75e A
	30.96 ± 7.70c A
	39.21 ± 9.36b A
	44.43 ± 8.90b A

	Number of sheets issued
	T1
	11.06 ± 1.93e A
	17.34 ± 2.61d AB
	20.82 ± 1.88c B
	23.84 ± 4.46b B

	
	T2
	10.35 ± 2.23e A
	18.21 ± 1.53d A
	22.94 ± 1.36c A
	25.99 ± 2.89b AB

	
	T3
	10.65 ± 1.91e A
	16.62 ± 2.50d B
	22.05 ± 2.16c AB
	25.31 ± 3.42b AB

	
	T4
	11.38 ± 1.52e A
	17.36 ± 2.11d AB
	22.88 ± 1.77c A
	27.34 ± 1.67b A

	Number of living leaves
	T1
	7.50 ± 1.89a A
	7.62 ± 1.17a B
	6.16 ± 1.25b C
	3.71 ± 1.01c B

	
	T2
	6.55 ± 2.01b A
	8.23 ±1.45a AB
	6.82 ± 1.16b BC
	4.82 ± 0.90c A

	
	T3
	7.22 ± 1.65b A
	8.13 ± 1.11a AB
	7.48 ± 0.99ab AB
	4.87 ± 0.63c A

	
	T4
	7.81 ± 1.74a A
	8.59±1.08a A
	7.72 ± 0.92a A
	5.29 ± 0.98b A


Values followed by different lowercase letters and superscripts in the same row are statistically different (α= 0.05). Different uppercase letters in subscripts in the same column are statistically different (α= 0.05).


GROWTH PARAMETER AT FLOWERING 
Growth parameters assessed at flowering are recorded in Table 2.
At flowering, the height of the banana trees ranged from 302.41 to 267.70 cm and their circumference from 55.05 to 64.59 cm. For these two parameters, the highest values were obtained with treatment T1, i.e., 302.41 cm for height and 64.59 cm for circumference. The lowest values were obtained with treatment T2, corresponding to 267.70 cm and 55.05 cm for height and circumference, respectively. In terms of the total number of leaves produced, the highest value was for treatment T2 (43.45) and the lowest for treatment T3 (38.33). As for the number of living leaves, the treatments yielded a number greater than 8. The highest was for treatment T4 (8.81) and the lowest for treatment T3 (8.04).


Table 2: growth parameter at flowering
	settings
	T1
	T2
	T3
	T4

	Height (cm)
	302.41± 20.12a
	267.70±15.61c
	284.08± 11.97b
	287.44± 18.67b

	Circumference at the collar (cm)
	64.59± 4.77a
	55,05± 6.43c
	59.88± 1.78b
	60.93± 2.34b

	Number of sheets issued
	40.34± 3.73bc
	43.45± 3.14a
	38.33± 1.49c
	41.00± 3.72ab

	Number of living leaves
	8.59± 1.05a
	8.15± 1.14a
	8.04± 0.95a
	8.81± 1.27a


The means ± standard deviations marked with different letters at each parameter on each line are significantly different at p < 0.05 according to Duncan's test


PRODUCTION PARAMETERS
The results of the study reveal that in terms of flowering rate, all treatments had a rate above 50%, with treatment T1 having the highest rate of 97%. Treatments T4 and T3 recorded flowering rates of 90% and 80%, respectively. The lowest flowering rate was observed in treatment T2, with 67% flowering (Table 3). 
The planting-flowering interval (PFI) of banana trees in plots treated with T1 (control), T3 (7.5 kg of cake), and T4 (10 kg of cake) was statistically identical. Banana trees that received 5 kg of cake (T2) had the highest average PFI value (396 days). The banana trees in this treatment flowered 40 days after those in treatment T1 (356 days) (mineral fertilizer), while those in treatments T4 (367 days) and T3 (369 days) flowered about ten days after the control treatment. 
The planting-to-harvest intervals (PHI) ranged from 434 to 451 days. The highest number of harvest days was obtained with treatments T2 (446± 21.6 days) and T3 (451± 13 days).

Yield varied from one treatment to another. The yield of treatment T1 (25.41± 1.94 t/ha) was the highest among the treatments, followed by treatment T4 (22.14± 1.08 t/ha). However, statistically there is no difference between these two treatments. The lowest yield was obtained with treatment T2, at 13.13± 1.74 t/ha.
Table 3: Production parameters for plantains from different treatments
	Treatments
	IPF (days)
	IPR (days)
	Percentage of flowering (%)
	Yield (t /ha)

	T1
	356± 20b
	434± 21.1a
	97 ± 3a
	25.41± 1.94a

	T2
	396± 14.7a
	446± 21.6a
	67± 4d
	13.13± 1.74b

	T3
	369±18.1ab
	451± 13a
	80± 3c
	16,00± 1.76b

	T4
	367± 19.3ab
	436± 29.9a
	90± 5b
	[bookmark: _Hlk166833181]22.14± 1.08a



The means ± standard deviations marked with different letters at each parameter on each line are significantly different at p < 0.05 according to Duncan's test.

Discussion

The height growth of banana trees occurred linearly in a single phase from the third month until flowering. This growth is observed in most banana cultivars [18]. The greatest height was obtained with the chemical fertilizer treatment, and among the cake treatments, T4 (10 kg) gave the greatest height. This difference in pseudostem height could be explained by the amount of minerals contained in the cake. Indeed, the T4 treatment had the highest amount of cake and the greatest height of all the treatments that received cake. This quantity of oilcake will decompose (mineralize) slowly over a long period of time in order to make these minerals available to the plants. These results are similar to those obtained by [19], who worked on the use of organic and biological fertilizers as a partial substitute for mineral nitrogen in Williams banana plantations. Treatment T4 had the highest height and number of leaves after the chemical fertilizer treatment. This could be due to its higher amount of cake than the other treatments and, consequently, its richness in minerals essential for banana tree growth. The number of leaves continued to increase in each treatment and also per period from the first three months until flowering. This number increased from 11.36 to 43.45 for treatment T4, which had the highest number of leaves. It was followed by treatment T3, with values ranging from 10.65 to 41.00. There is a significant difference between the different treatments. This significant leaf (vegetative) growth in the treatment with oilseed meal could be due to improved nutrient bioavailability, especially nitrogen. Nitrogen is a key element in plant growth, especially of the stem and leaves [20]. This was confirmed by the results of Larounga et al. [21], who observed an increase in the number of leaves when organic matter was applied. In addition, a large leaf area helps the plant synthesize more metabolites by presenting a high rate of photosynthesis during the growth and development period of the banana tree [22]. The number of living leaves in each treatment gave an average value of 8. This highlights the nitrogen richness of rubber cake. Indeed, an organic fertilizer rich in nitrogen can have positive effects on leaves by delaying aging. This allows the leaves to remain available over a long period. This value is important because it has been found that the total number of leaves retained at the time of growth is crucial in determining the yield potential of the banana tree. Indeed, green leaves allow for significant accumulation of carbohydrates through their photosynthetic capacity, thus promoting better filling of the banana tree's bunches and therefore acceptable yields [23]. The work of Seydou et al. [24] and Tambwe et al. [25] has shown that the vegetative growth of the plantain banana tree ends as soon as the inflorescence appears. According to these authors, at this stage the banana tree must have a minimum of eight [8] functional leaves, and the number of leaves it has at the time of flowering is a crucial parameter for crop productivity. The same minimum value was indicated by [26] for proper bunch development. It is an indicator of good or poor fruit development. The values obtained at flowering are higher than those obtained by Adélaïde et al. [27] in their studies on the evaluation of the agronomic characteristics of plantain cultivars and hybrids grown at high density (41.53-48.13 cm). The circumference of banana trees increases in proportion to the amount of cake spread. This increase in trunk circumference could be attributed to the phosphorus content and availability in the cake. It could also result from a regular supply of nutrients in organic and inorganic forms, as well as the effect of bioactive substances generated by the common use of biofertilizers. The same result was observed by Tandel et al. [28], Suresh et al. [29], and Hazarika et al. [30] on papaya and banana, respectively. According to Kuttimani et al. [23], plants with thicker pseudostems are preferable because they positively influence cluster size and other associated characteristics, while providing better anchoring for the plant. It can therefore be deduced that the higher the dose or concentration of cake, the greater the generative growth of the plants. The results obtained corroborate those of Zafar et al. [31], who observed an increase in corn ear diameter when evaluating the effect of different phosphorus sources on growth, yield, energy content, and phosphorus use efficiency in corn in Rawalakot Azad Jammu and Kashmir, Pakistan. The planting-to-flowering interval (PFI) and the planting-to-harvest interval (PHI) evolve in opposite directions. This could be explained by the richness of the cake in mineral elements (nitrogen, phosphorus, and potassium) and its absorption by the plant over a long period of time. According to Amidou et al. [32], the addition of organic fertilizers promotes root penetration, air and water circulation in the soil, and the formation and maintenance of the clay-humic complex. Potassium deficiency causes certain problems such as shortened internodes, delayed flowering and growth, and cluster suffocation, and also prevents nitrogen absorption [33]. Optimal growth, production quality, and high fruit yield depend on adequate nitrogen, phosphorus, and potassium. If any of these nutrients are deficient, plant growth will be stunted and crop yield will be reduced [34]. Knowledge of the planting-flowering interval is important because it allows the ripening period of the fruit to be predicted in advance and the next harvests to be planned [8]. The highest yield per hectare was observed in the control group. However, there was an increase in yield with the amount of cake applied, and it was lower than that of bananas grown in China (33.4 t/ha) and in the same range as the yield in Nigeria (20 t/ha) [12,35]. This variation in yield could be due, on the one hand, to the availability of nutrients and, on the other hand, to the leaf area at flowering. According to some authors, the number of leaves at flowering is a key criterion for a good yield, as it determines the plant's ability to capture the solar energy necessary for good photosynthesis [8,27,36]. The higher this number, the greater the effect on yield [37]. The use of organic fertilizers and biofertilizers aerates the soil and increases its physiological activity, leading to an increase in soil yield characteristics [38].


Conclusion
this study was initiated to determine the biofertilizer potential of rubber seed meal on the agronomic parameters of plantain bananas with a view to finding ways to recycle waste. the results obtained at the end of the experiment showed that rubber seed meal contains nutrients that can promote banana growth while improving soil properties. among the treatments with cake, t4 (10kg) gave statistically identical values to those of chemical fertilizer. treatment t4 could be recommended for plantain cultivation as a substitute for chemical fertilizer. the integration of biofertilizers, such as rubber seed meal, could offer a sustainable alternative for improving soil fertility while reducing dependence on chemical fertilizers. further research is needed to quantify the specific effects of this biofertilizer on other short-term crops and to establish practical recommendations for farmers.
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