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ABSTRACT 

	Aims: The aim of the present study was to develop a technical itinerary to improve ginger cultivation. 
Study Design: The experiment was laid down in three blocks completely randomized consisting of three cultivation techniques with three replications.
Place and Duration of Study: Department of Agronomy and Forestry, Jean Lorougnon GUEDE University Université (Daloa, Côte d’Ivoire), experimental farm of Laboratory for the Improvement of Agricultural Production, between February 2024 and January 2025.
[bookmark: _Hlk210579079]Methodology: To achieve this, three cultivation techniques were studied. Dark yellow-fleshed ginger rhizomes with three buds are sown on flat soil, on ridges, and on mounds. Sowing was carried out for 10 ridges, each containing five sowing holes. A total of 50 rhizomes were sown for the ridge factor. For the mounds, 50 mounds were created, each containing one rhizome. For the trials on flat soil, 10 rows of seedlings, each containing five rhizomes, were studied. A total of 50 rhizomes were sown for this last factor. For all factors studied, the spacing between sowing hole was 0.5 m within the same row and between rows. Observations were made on six agronomic parameters (number of leaves per plant, leaf length, leaf width, leaf area, plant height and rhizome weight per plant).
Results: Results indicate that cultivation techniques significantly influence the agronomic parameters. Thus, the mound cultivation technique gave the highest values for most of the agromorphological parameters studied, mean number of leaves per plant (230.2 ± 22.0), leaf width (3.01 ± 0.71 cm), leaf area (37.98 ± 4.71cm2). While ridges cultivation technique gave the lowest yields for all agronomic parameters. The most optimal yield was achieved through the implementation of the mound cultivation technique. The rhizomes harvested from the mounds have mean weight per plant of 547.1 ± 90.1g.
Conclusion: These findings provide valuable cultivation techniques for optimizing ginger production. The mound cultivation technique improves ginger production outcomes. 
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1. INTRODUCTION

Since gaining independence, Côte d'Ivoire has based its economy on agriculture, particularly industrial crops such as cocoa, coffee, oil palm, rubber, etc. (Léonard and Vimard, 2005). 
However, food crops, which form the basis of the Ivorian diet and provide additional income, are marginalised and do not benefit from any specific regulatory or organisational reforms (Gnamien et al, 2010; Kouonon et al., 2020). This results in low production of certain crops, including ginger. Ginger (Zingiber officinale Roscoe), widely used as a spice, is a plant known for its rhizome with aphrodisiac properties. In reality, its benefits are much more numerous. Ginger rhizome contains various active ingredients, including gingerols and shogaols. These give it antioxidant, anti-inflammatory and tonic properties (Alolga et al., 2022; Lashgari et al., 2022; Wang et al., 2025). 

In food, ginger rhizomes are consumed in the form of ginger sweets and drinks (Sangaré and Koffi, 2009). Ginger rhizomes are used to make a drink commonly known as ‘Gnamankoudji’ in Côte d'Ivoire (Amani et al., 2004). 

Despite all of the above, ginger cultivation in Côte d'Ivoire remains largely unknown, with low production levels. This low production is mainly due to poor cultivation practices. The most common cultivation practice used by producers is sowing on flat ground. Cultivation techniques must be guided by a number of parameters, including soil type, soil condition, the crop to be planted, the shape of the land (sloping or flat), water availability, etc. (Mollard and Walter, 2008). Ridge cultivation and ridging are common farming techniques in Africa. These farming techniques ensure good plant development, especially for root and tuber crops such as sweet potatoes, cassava, yams, taro and ginger. They facilitate water and soil management by gathering fertile soil around the cultivated plants (Bagula et al., 2013). 

A mound is a raised area of soil that forms a mound of varying height on which crops are planted. This technique, like that of raised beds, is widely used in tropical Africa, mainly for growing root and tuber crops (Boissière, 2008). It provides a thicker layer of loose soil. This is very useful for thin soils. This technique provides maximum soil around the plants to allow them to develop well (Menier and Sapijanskas, 2014).

The ridge cultivation technique consists of growing crops in rows on small strips of land about 15 to 20 cm high. The advantage of permanent ridges in a crop field is that they improve the physical, chemical and biological properties of the soil over time. Ridges promote soil conservation by reducing losses due to water and wind erosion. They also facilitate mechanical weed control (Menier and Sapijanskas, 2014).

[bookmark: _Hlk210577788]It is in this context that the present study is being conducted, with the overall objective of developing a technical roadmap for improving ginger cultivation. Specifically, the study will: (i) examine the influence of three cultivation techniques on ginger growth and development, and (ii) determine the effect of cultivation techniques on ginger yield. 

2. material and methods 

2.1. Study site

[bookmark: _Hlk210581133]The study was carried out on an experimental site at the Université Jean Lorougnon Guédé in Daloa. Daloa is the capital of the Haut-Sassandra region located in the centre-west of Côte d'Ivoire (Fig. 1). Daloa is located in a forest area at 6°53 north latitude and 6°27 west longitude (Koffie-bikpo and Kra, 2013; Gnamien et al., 2025). 
The climate of the Daloa region is typical of the Guinean domain, characterised by two seasons, dry and wet, alternating with average temperatures ranging from 24.65 to 27.75 °C (N'Guessan et al., 2014). June is the peak of the long rainy season and September is the peak of the short rainy season. According to Brou (2010), the landscape varies from dense semi-deciduous rainforest to mesophilic cleared forest. 
Soil studies carried out in the area reveal that the soils are generally moderately leached (or denatured) ferralitic soils. They are well suited to all types of agriculture (Zro et al., 2016).
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	Fig. 1. Map of study site (Gnamien et al., 2025)







2.2. Plant material

[bookmark: _Hlk210604228]The planting material used in this study consisted of ginger rhizomes (Fig. 2) collected in Koun-Fao. Koun-Fao is located in eastern Côte d'Ivoire in the Bondoukou region. The flesh of ginger from this locality is dark yellow in colour. This variety was chosen for the present study because it is highly prized by the population.
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	Fig. 2. Dark yellow-fleshed ginger rhizomes


2.3. Methods

2.3.1. Plot preparation

The experimental plot was cleared using a machete. Dry grass was collected and burned. The soil was loosened, then stones and plant debris were removed with a hoe to allow for aeration, moistening and drainage of the soil. 

2.3.2. Sowing

The installation began with the creation of ridges, mounds and seed rows for the flat soil technique. The rhizomes were cut with a knife into pieces with three buds. These pieces with three buds were used as seeds for the experiment. On the ridges, one rhizome was planted per hole. Each ridge contains five holes separated by 0.5 m. On the mounds, one seedling was planted on each mound. The seedlings are separated by 0.5 m. The mounds are separated by 0.5 m. On the firm ground, five seedlings were planted per row. The distance between each sowing point is 0.5 m. The rhizomes are sown at the same depth of 9 cm. Regular weeding was carried out to protect the seedlings. The plants are watered every day.

2.3.3. Experimental setup

[bookmark: _Hlk210609371][bookmark: _Hlk210605914][bookmark: _Hlk210608157]The trial was conducted on a 250 m² plot (length, L = 25 m and width, w = 10 m). In addition, three cultivation techniques were studied. Sowing was carried out for 10 ridges, each containing five seed pockets. Each ridge was 2 m long and spaced 0.5 m apart. A total of 50 rhizomes were sown for the ridge factor. For the mounds, 50 mounds were created, each containing one seedling. For the trials on flat soil, 10 rows of seedlings, each containing five seedlings, were studied. A total of 50 rhizomes were sown for this last factor. For all factors studied, the spacing between sowing hole was 0.5 m within the same row and between rows. Rhizomes for each factor were sown in a complete randomised block design with three replications.

2.3.4. Harvesting ginger rhizomes

The rhizome is ripe when the leaves and stems turn yellow (Fig. 3). The rhizomes were harvested after nine months of cultivation. Harvesting was done manually by deep ploughing using a daba.

	[image: ]

	Fig. 3. Ginger plants ready for harvesting: Yellowing and wilting of leaves



2.3.5. Parameters evaluated

The evaluation of the agro-morphological characteristics of ginger focused on six quantitative variables (Table 1).

Table 1.	Agro-morphological variables evaluated and their measurement methods
	Mesured charateristics
	Sample measurement methods  

	Number of leaves per plant
	Counting the number of leaves borne by a plant, twelve weeks after germination

	Leaf length (cm)
	Measurement of three different leaves, from leaf tip to leaf base, twelve weeks after sowing

	Leaf width (cm)
	Measurement of three different leaves at the point of maximum width, twelve weeks after sowing

	Leaf area
	Calculated using the formula: SFe = Width x 0.854 + 1.231xlength - 0.99 (Mokhtarpour et al., 2010).

	Height of the plant
	Height of the plant from the soil surface to its highest point, twelve weeks after sowing

	Rhizome weight per plant (g)
	Weighing the rhizomes of an individual plant, one week after harvesting



2.3.6. Statistical analyses

Statistical analysis of the data was performed using Minitab®17 software for all experiments. One-factor analysis of variance (ANOVA I) was used to study the overall effect of the different factors on the parameters studied. The aim of this analysis was to reveal significant differences between the means of the parameters studied. When a significant difference was observed (P < 0.05) at the α = 0.05 threshold, Tukey's multiple range test at the 5% threshold was used to separate the means.


3. results and discussion

3.1. Results

3.1.1. Effect of cultivation techniques on leaf development

The influence of cultivation technique on the photosynthetic organ of the ginger variety studied is shown in Table 2. Each of the techniques used reacted very differently in terms of leaf development. Analysis of variance showed a highly significant difference (P ˂ .001) between cultivation types in terms of the number of leaves produced. Thus, leaf synthesis by plants grown on mounds (230.20) was two to four times higher than that of plants grown on flat soil and on ridges, respectively. To this end, Tukey's test at the 5% threshold revealed three distinct groups (a ˃ b ˃ c). 

Table 2.	Impact of cultivation techniques on leaf number
	Types of crop
	Mean number of leaves

	Ridges
	60.92 ± 13.65c

	Mound
	[bookmark: _Hlk210611557]230.20±22.00a

	Flat soil
	109.80±99.60b

	Probability (P)
	< .001


*Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test).
3.1.2. Effect of cultivation techniques on leaf length

Table 3 shows the average length of leaves produced by different cultivation techniques. The results showed that mean leaf length varies depending on the type of cultivation. Analysis of variance showed that there is a highly significant difference (P = .004) between cultivation techniques in terms of the length of leaves produced. The longest mean leaf length (18.81 ± 3.65 cm) was obtained on flat soil. In contrast, the shortest mean leaf lengths (16.77 ± 5.11 cm) and (15.91 ± 6.98 cm) were obtained on mounds and ridges, respectively.

Table 3.	Impact of cultivation techniques on leaf length 
	Types of crop
	Mean leaf length (cm)

	Ridges
	15.91 ± 6.98b

	Mound
	16.77± 5.11ab

	Flat soil
	18.81 ± 3.65a

	Probability (P)
	 .004


*Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test).

3.1.3. Effect of cultivation techniques on leaf width

Table 4 shows the variation in average leaf width growth according to cultivation technique. Analysis of variance showed that there was no significant difference (P = .303) between cultivation techniques in terms of leaf width development. The average values ranged from (2.19 ± 1.38 cm) for ridge cultivation, (3.01 ± 0.71 cm) for mound cultivation and (2.22 ± 0.44 cm) for flat soil cultivation.

Table 4.	Impact of cultivation techniques on leaf width 
	Types of crop
	Mean leaf width (cm)

	Ridges
	2.19 ± 1.38

	Mound
	[bookmark: _Hlk210611833]3.01 ± 0.71

	Flat soil
	2.22 ± 0.44

	Probability (P)
	 .303



3.1.4. Effect of cultivation techniques on leaf area

Table 5 shows the variation in leaf area according to cultivation technique. Leaf area varied significantly (P = .003) depending on the technique. Plants grown on mounds had the largest leaf area (37.98 cm²), compared to 31.22 cm² and 26.25 cm² for plants grown on flat soil and ridges, respectively. To this end, Tukey's test at a 5% threshold revealed three non-overlapping groups (mound (a) ˃ flat soil (b) ˃ ridge (c)). 

Table 5.	Impact of cultivation techniques on leaf area 
	Types of crop
	Leaf area (cm2)

	Ridges
	26.25 ± 5.791c

	Mound
	[bookmark: _Hlk210611911]37.98 ± 4.71a

	Flat soil
	31.22 ± 6.63b

	Probability (P)
	 .003


*Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test).

3.1.5. Effect of cultivation techniques on plant height growth

The results relating to average plant height growth according to cultivation techniques are shown in Table 6. These results revealed a significant difference in plant height between crop types (P = .041). The highest mean plant height (50.14 ± 11.83 cm) was obtained using the flat soil technique. The other two cultivation techniques recorded identical average values, namely 44.12 ± 10.48 cm for mounds and 44.16 ± 9.34 cm for ridges. 

Table 6.	Impact of cultivation techniques on plant height 
	Types of crop
	Mean height of plants (cm)

	Ridges
	44.16 ± 90.34b

	Mound
	44.12 ± 10.48b

	Flat soil
	50.14 ± 11.83a

	Probability (P)
	 .041


*Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test).

3.1.6. Effect of cultivation techniques on rhizome weight per plant

Table 7 shows the weight of ginger rhizomes per plant obtained according to the type of cultivation. Analysis of variance showed that there is a highly significant difference (P < .001) between cultivation techniques in terms of the weight of rhizomes produced per plant. The weight of rhizomes produced per plant on mounds was higher (547.10 ± 90.10g), followed by the weight of rhizomes from plants on flat soil (306.20 ± 52.60 g) and on ridges (274.50 ± 51.01 g).



Table 7.	Impact of cultivation techniques rhizome weight per plant 
	Types of crop
	Mean weight of rhizomes per plant (g)

	Ridges
	274.50 ± 51.00bc

	Mound
	[bookmark: _Hlk210613248]547.10 ± 90.10a

	Flat soil
	306.20 ± 52.60b

	Probability (P)
	< .001


*Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test).

3.2. Discussion

Cultivation techniques are currently widely used by many farmers in the hope of improving the productivity and sustainability of certain crops, as evidenced by several studies (Molla et al., 2022; Shehzad et al., 2023). Among these techniques, ridging and hilling are the most commonly used to ensure good plant development, especially for root, tuber and rhizome crops (Dumbuya et al., 2016; Tabaglio et al., 2023; Zhu et al., 2023). This study also highlighted the effect of the three types of planting techniques on ginger productivity. 

The results of this experiment showed that the cultivation techniques used had different effects on ginger cultivation. In general, mound cultivation was the best technique for ginger production, followed by flat cultivation and cultivation on ridges. These results could be explained by the fact that mound constitute an isolated biotope in which plants do not suffer from nutritional competition, unlike ridges and flat soil. In addition, the loose structure of the mound could allow for the bioavailability of soil minerals, thus promoting good plant growth. The results of present study are in perfect agreement with those of Dumbuya et al. (2016). According to them, the mound cultivation technique promotes good crop yields. However, contradictory results were also reported by Ennin et al. (2009) and Zhu et al. (2023). For the latter, ridge cultivation is the best technique, significantly influencing the quality of arable land and tuber crop yields. Furthermore, when considering each variable individually, the results showed that the mean number of leaves per plant, leaf area and average rhizome mass per plant were higher on mound compared to other techniques. Leaf synthesis was better on mound, followed by the fat soil technique and then the ridge technique. These results could be explained by the difference in plant density observed in the sowing methods studied. Indeed, the low sowing density in the mound cultivation technique results in less competition between plants for light and nutrients. This would have promoted accelerated growth and development of plants sown on mounds. This result is corroborated by Gnamien et al. (2023) work on cowpea (Vigna unguiculata L.) cultivation, which shows that when spacing is tighter, the plants create more shade between themselves, depriving the leaves at the base of the plant of light. As a result, they cannot participate in the photochemical process. The quantity of substances produced by the deprived plant. These results could also be due to the fact that growth parameters were affected by cultivation techniques. The length, width and height of the plant were higher in the flat soil and ridge techniques respectively. In fact, the techniques used in this sowing method were subject to competition for light, which accelerated their elongation, a phenomenon known as etiolation (Rabéchault, 1962). 

In terms of yield, rhizomes sown on mound showed the best values, followed by the flat soil and ridge techniques, which showed the lowest values. This result can be explained by the difference in plant density per plot. The low sowing density observed with the mound technique resulted in a better yield compared to sowing on ridges, which had a high sowing density. The results of this study corroborate the findings of Enyi (1967) and Nzietchueng (1985), who reported that planting Xanthosoma sagittifolum at low densities yields statistically higher tuber yields than denser planting. Similar results were reported by Bationo et al. (1990).


4. Conclusion

At the end of this experimental study, it appears that the different cropping systems tested for ginger cultivation influenced the agro-morphological characteristics determined. 
The mound technique yielded the best results in terms of growth parameters, except for leaf height and width and plant length. For this parameter, the flat soil technique was advantageous. In terms of yield and its components, the mound cultivation technique was the most favourable due to the low rhizome density per mound. Overall, mound cultivation was the best technique for ginger production, compared to the ridge and flat-ground techniques.
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