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Abstract 

In Côte d'Ivoire, ginger production is limited to small areas. Moreover, the production system does not follow any 
technical itinerary. The aim of this study is to assess the influence of rhizome size on vegetative cycle of ginger. It is 
being conducted with a view to developing an appropriate technical itinerary and ideal number of buds on rhizome for 
growers. Ginger collected in the Zoukougbeu department (Côte d'Ivoire) was used for this study. Four rhizome sizes, 
namely R1 (rhizome with one bud), R2 (rhizome with two buds), R3 (rhizome with three buds) and R4 (rhizome with 
four buds) were sown in a complete randomised block design with three replications. Statistical analysis showed that 
the number of buds on the rhizome had no effect on germination time. However, rhizomes of size R3 and R4 showed a 
better profile of the germination rate. Development was weakly influenced by the number of buds on the rhizome. In 
terms of agro-morphological characteristics, rhizome sizes R3 and R4 gave the best growth parameters. Ginger can be 
regenerated with three-bud rhizomes (rhizome sizes R3). Ginger growers are faced with the problem of using more 
than half their production as seed for the next crop. This study, the first one in Côte d’Ivoire, provides a solution (using 
three-bud rhizomes) and enables growers to reduce the cost of crop’s establishment, thereby increasing their income. 
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1. Introduction

Ginger (Zingiber Officinale Roscoe) is an annual herbaceous plant. It is one of the most important spices in the world. 
The plant is cultivated from its fleshy, elongated rhizome with several tuberous branches [1]. Ginger originates from 
South-East Asia and is represented by a large family comprising 47 genera and 1,400 species [1 ; 2]. It grows well in 
tropical or subtropical climates. The temperature needs to be relatively high, at least 21°C for most of the year, to enable 
the species to grow optimally [3]. This species is of major economic importance throughout the world [4]. It generates 
substantial income for producers. In 2023, global ginger production was estimated at over 103,0978 million tonnes [5]. 
The main producing countries are India (275,000 tonnes) and China (259,719 tonnes). In Africa, Nigeria (110,000 
tonnes) is the biggest producer, followed by Cameroon (79,273 tonnes). Côte d'Ivoire's production was estimated at 
7,085 tonnes [6]. Estimates of production levels and the organisation of the sector are unreliable, rare and outdated, 
revealing the low level of production in Côte d'Ivoire. Ginger is produced mainly in the Bongouanou, Divo, Gagnoa, 
Soubré, Tiassalé and Koun-Fao areas [5].  
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Recent pharmacological studies on Zingiber officinale have revealed a broad spectrum of biological activities. Ginger 
inhibits colon cancer cell proliferation [7]. This species contains numerous compounds including gingerols, gingerdiols 
and gingerdiones [3]. These compounds have a high antioxidant activity [8; 9]. 

Ginger is used as a spice in Asian (Japanese and Indian) and African cuisine. Ginger is also used in baking to flavour 
biscuits and cakes [10]. In Africa, the fresh rhizome is generally used to make a drink called Gnamakoudji in Côte d'Ivoire 
[5]. It is used as an aphrodisiac. Ginger is used to flavour tea in Swahili growing areas [11]. Despite its nutritional and 
therapeutic virtues, and despite the fact that it is very much involved in the socio-economic activities of the people of 
Côte d'Ivoire, ginger cultivation is faced with a number of factors threatening the sector. Ginger is regarded as a marginal 
crop, and its roaming nature is not conducive to its development. The area under cultivation and yields remain average. 
What's more, growers are not trained and educated in good ginger farming practices. For example, they use raw plant 
material. Ginger spreads from rhizomes [12]. Ginger growers are faced with the problem of using a large part of their 
harvest as seeding material for future ginger planting, around 2,000 kg per hectare [13]. It is with a view to resolving 
this problem that the present work, which is part of a programme aimed at identifying high-producer varieties and 
improved ginger production techniques, was initiated. Its aim is to develop a technical itinerary to improve ginger 
production. To achieve this goal, specific objectives are assigned to the present study. These are (i) to evaluate the effect 
of the number of rhizome buds on ginger germination, (ii) to study the effect of the number of rhizome buds on ginger 
development. 

2. Material and methods 

2.1. Study area 

The study was set up during the first rainy season at the Jean Lorougnon Guédé University experimental farm [14]. The 
University is located to the north-east of Daloa, at latitude 6° 52‘ 38 north and longitude 6° 27’ 0 west. Daloa belongs to 
the Haut-Sassandra region in central western Côte d'Ivoire [15]. The Haut-Sassandra region is dominated by vegetation 
consisting largely of dense forest. Soil studies carried out in the area reveal that the soils are generally ferralitic with 
moderate leaching [16. They have good agricultural potential for all types of crop [17]. The topography is relatively flat 
and unvaried, dominated by plateaux at altitudes of 200 to 400 m [18]. The seasons are divided into two rainy seasons, 
the first of which, from March to July, is irregular and the second of which varies from July to September. Annual 
temperatures range from 24.65°C to 27.75°C [19]. June represents the peak of the long rainy season and September the 
peak of the short rainy season. 

2.2. Plant material 

The plant material used in this study consisted of plants regenerated from ginger rhizomes (Figure 1). The rhizomes 
were collected from farmers in the Haut Sassandra administrative region, more specifically in the locality of Zokougbeu. 

 

Figure 1 Ginger rhizomes  

2.3. Methods 

2.3.1. Preparing the plot 

The installation began with land clearing. This was done manually using a daba and machete over an area of 260 m2 
(length 20 m and width 13 m). The dried grasses were collected and burnt. The soil was loosened up, then stones and 
plant debris were removed with a daba to aerate, moisten and drain the soil. A daba was used to place the ridges (Figure 
2). 
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2.3.2. Preparation of rhizomes 

 

Figure 2 Sowing ridges 

The rhizomes were first cleaned of clumps of soil and other impurities. The rhizomes were then cut into pieces using a 
knife, according to the desired rhizome dimensions. Pieces of rhizomes with a different number of buds were cut. These 
were rhizomes with one bud, two buds, three buds and four buds (Figure 3). These pieces of rhizome constitute the 
seedling used for the trials. 

 

Figure 3 Rhizomes of different sizes (A) Rhizome with one bud; (B) Rhizome with two buds; (C) Rhizome with three 
buds; (D) Rhizome with four buds 

2.3.3. Sowing rhizomes  

Ridges measuring 2 m x 0.8 m were prepared and amended with 5 kg of chicken droppings. Each ridge consisted of two 
rows assigned to the same type of rhizome. Each line was made up of five stakes. In each poquet, a piece of rhizome was 
sown to a depth of 9 cm. The spacing between seedpots on the rows was 30 cm, and between rows 20 cm. These spacings 
were defined using a tape measure. Each ridge consists of 10 ginger rhizomes with the same number of buds on the 
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rhizome. The seed is sown so that the buds are on the upper side of the seed holes. After sowing, straw was placed on 
the ridges to maintain humidity. 

2.3.4. Experimental set-up 

A completely randomised set-up with three blocks was designed to study the influence of the number of rhizome buds 
(Figure 4.). The distance between the blocks is 1 m. Each block consists of three rows of ridges. This makes a total of 12 
ridges per block, each 2 m long and 0.8 m wide. Each ridge has 10 sowing points spaced 0.3 m apart along the row and 
0.2 m between rows. The distance between ridges is 0.5 m. One ridge in a row represents one type of rhizome. The 
rhizomes are divided into four levels, i.e. rhizomes with one bud, rhizomes with two buds, rhizomes with three buds 
and rhizomes with four buds.  

 

Figure 4 Experimental set-up  

2.3.5. Plot maintenance and plant treatment 

The mulch was gradually removed when the ginger stalks appeared. Apart from mulching, manual weeding was carried 
out using a hoe, two times a month. This was to avoid competition between weeds and ginger plants. A traditional drip 
irrigation system was installed on each ridge to maintain humidity on the ridges, given the scarcity of rainfall. 

2.3.6. Data collection  

Regular daily monitoring was carried out from emergence onwards in order to record data relating to germination and 
the agro-morphological characterisation of the ginger plants. Five morphological characteristics were selected for 
morphological evaluation. These were leaf length, leaf width, number of leaves, diameter at stem base and plant height. 
The codes for the various characters and their measurement methods are summarised in Table 1. 

Table 1 Characteristics selected for morphological assessment of Z. officinale plants 

Mesured charateristics Codes Sample measurement methods Sample size 

Leaf length LI Leaf length is the distance between the point of 
insertion of the leaf on the stem and the upper tip of 
the leaf. It is measured three months after sowing 
using a tape measure. It corresponds to the average of 
thirty measurements. 

30 

Leaf width Lw The width of the leaf is the distance between the 
lateral edges of the leaf. It is measured three months 
after sowing using a tape measure. It corresponds to 
the average of thirty measurements. 

30 

Height of the plant Hp Measured three months after sowing, it corresponds 
to the length of the main stem. It is the distance 
between the collar and the top of the last leaf. It is the 
average of thirty measurements.  

30 
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Diameter at stem base   The diameter at stem base is the distance between the 
lateral edges of the stem base. It is measured three 
months after sowing using a calliper. It corresponds to 
the average of thirty measurements. 

30 

Total number of leaves  The number of leaves on the main stem. This is 
counted three months after sowing. It corresponds to 
the average of thirty counts. 

30 

The influence of rhizome size on germination was evaluated using the germination time and the germination 
percentage. Mean germination time is the average time from germination of the first rhizome to germination of the last 
rhizome during the trial period. The germination percentage is the ratio of the total number of rhizomes germinated to 
the number of rhizomes sown. The formula used is as follows (1). 

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒(%) =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑟ℎ𝑖𝑧𝑜𝑚𝑒𝑠 

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 rhizomes 𝑠𝑜𝑤𝑛
× 100 (1) 

2.3.7. Statistical analyses 

One-factor analysis of variance (ANOVA 1) was carried out for each of the five agromorphological traits tested. This 
analysis was used to determine whether there was a morphological difference between plants from each type of 
rhizome. When a significant difference was observed (P < 0.05) at the α = 0.05 threshold, Tukey's multiple rank test at 
the 5% threshold was adopted to separate the means. All statistical tests were performed using Minitab for Windows 
version 17. 

3. Results  

3.1. Effect of rhizome size on germination  

The rhizome germination responses expressed by the four rhizome types were represented by the germination delay. 
These results are shown in Table 2. Analysis of variance revealed no significant difference in germination time between 
the four rhizome types (P= 0.356). Whatever the type of rhizome used for sowing, the germination time was statically 
identical.  

Table 2 Effect of rhizome size on germination 

Rhizome type Germination time mean (days)  

R1 28.878 ± 6.32 

R2 28.382 ± 6.79 

R3 27.615 ± 7.09 

R4 26.721 ± 7.30 

F of Fisher-Snedecor 1.09 

Probability P 0.356 

R1: rhizome with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds. 

3.2. Influence of the number of rhizome buds on the germination percentage 

Figure 5 shows the germination rate of rhizomes as a function of the number of buds on rhizome. Analysis of figure 05 
shows that the highest germination rate is observed with rhizomes R3 and R4 (64.17%), followed by rhizomes R2 with 
a rate of (56.67), while rhizomes R1 is associated with the lowest germination rate (44.17%). Rhizomes R3 and R4 gave 
identical germination percentages. In general, the germination rate evolved as a function of the number of buds on the 
rhizome. 
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Figure 5 Germination percentage of rhizomes as a function of rhizome size 

3.3. Effect of rhizome size on leaf length 

Table 3 shows the mean of leaf length produced by the ginger rhizome types. Analysis of variance showed that there 
was a highly significant difference in leaf length between rhizomes type (P = 0.002). The highest mean of leaf length 
(10.050 ± 4.971 cm) was obtained in plants from R4 rhizomes. On the other hand, the lowest mean of leaf lengths (7.831 
± 3.729 cm) and (8.566 ± 4.572 cm) were obtained in plants from rhizomes R1 and R2 respectively. Plants from rhizome 
R3 gave a mean intermediate of leaf length (9.360 ± 5.024 cm) close to that of rhizome R4. 

Table 3 Length of the leaves in relation to rhizomes size 

Rhizome type Mean of leaf length (cm)  

R1 7.831 ± 3.729 b 

R2 8.566 ± 4.572 b 

R3 9.360 ± 5.024 ab 

R4 10.050 ± 4.971 a 

F of Fisher-Snedecor 5.14 

Probability P 0.002 

Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test). R1: rhizome 
with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds. 

3.4. Effect of rhizome size on leaf width 

The mean of leaf width measured is shown in Table 4. Analysis of variance showed no significant difference in leaf width 
between rhizome types.  
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Table 4 Leaves width in relation to rhizomes size  

Rhizome type Mean of leaf width (cm)  

R1 1.575 ± 0.484 

R2 1.667 ± 0.512 

R3 1.731 ± 0.613 

R4 1.756 ± 0.597 

F of Fisher-Snedecor 2.22 

Probability P 0.084 

R1: rhizome with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds. 

3.5. Effect of rhizome size on leaves number  

The mean number of leaves per plant as function of the rhizome size is summarised in table 5. Analysis of variance 
showed a significant difference in the number of leaves produced between the different rhizomes size (P = 0.010). The 
highest mean number of leaves (12.476 ± 3.792) was obtained with the rhizomes size R4, followed by the R2 and R3 
rhizomes size, which obtained statistically identical values. The lowest mean number of leaves (9.962 ± 2.749) was 
recorded for R1 rhizomes size.  

Table 5 Number of leaves as function of rhizome size 

Rhizome type Mean of leaves number  

R1 9.962 ±2.749a 

R2 11.829 ± 2.810ab 

R3 11.469 ± 2.987ab 

R4 12.476±3.792 b 

F of Fisher-Snedecor 3.90 

Probability P 0.010 

Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test). R1: rhizome 
with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds. 

3.6. Effect of rhizome size on plant height 

Table 6 shows the mean height of regenerated ginger plants as function of rhizome size. Analysis of variance showed 
that there was a highly significant difference in plant height between rhizomes size (P = 0.010). The greatest mean 
height was obtained with R4 rhizomes size (17.256 ± 10.205 cm). This was followed by the heights of rhizomes size R2 
and R3, which had statistically identical means. Plants from R1 rhizomes size obtained the lowest height (9.253 ± 4.737 
cm). 
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Table 6 Plant height as function of rhizome size 

Rhizome type Mean of plant height (cm) 

R1 9.253 ± 4.737a 

R2 12.874 ± 7.543b 

R3 14.912 ± 7.766b 

R4 17.256 ± 10.205c 

F of Fisher-Snedecor 19.55 

Probability P < 0.001 

Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test). R1: rhizome 
with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds. 

3.7. Effect of rhizome size on plant diameter at stem base 

Analysis of variance showed a very highly significant difference in plant diameter at stem base between rhizomes size 
(Table 7). The rhizome size had a significant impact on plant diameter at stem base growth. The largest diameter at 
stem base was obtained with rhizome R4 (4.231 ± 1.787 cm). The smallest diameter at stem base (2.970 ± 1.239 cm) 
was observed with the R1 rhizome size. 

Table 7 Plant diameter at stem base as function of rhizome size 

Rhizome type Mean of plant diameter at stem base (cm) 

R1 0.297 ± 0.123a 

R2 0.346 ± 0.155ab 

R3 0.390 ± 0.142bc 

R4 0.423 ± 0.178c 

F of Fisher-Snedecor 14.44 

Probability P < 0.001 

Means in a column followed by the same letter are not significantly different at the 5% threshold (Tukey multiple comparison test). R1: rhizome 
with one bud, R2: rhizome with two buds, R3: rhizome with three buds, R4: rhizome with four buds 

4. Discussion 

The present study showed that the rate and time of germination of Zingiber officinale rhizomes were not significantly 
influenced by the number of rhizome buds. This could be explained by the fact that imbibition of the embryo, which is 
crucial for germination, takes place mainly via the bud and not across the entire surface of the rhizome, which would be 
related to size. On the other hand, the fraction of rhizome reserves consumed for germination is a varietal constant and 
does not seem to depend on rhizome size. In fact, germination begins with the water absorption phase, which triggers 
the setting up and functioning of the enzymatic systems. Swelling of the embryonic tissues causes the bud to burst. The 
emergence of the radicle marks the end of germination. Bruckler [20] showed that germination proper is preceded by 
an imbibition phase which depends solely on the water status of the rhizome and the seedbed. Our results are in 
agreement with those obtained by Muchena and Trogan [21] in an intra-genotypic study, who did not observe variations 
in germination rate as a function of rhizome size under normal water conditions. The same results were reported by 
Graven and Carter [22]. These authors noted that the germination controls revealed no significant difference linked to 
size (number of rhizome buds). Despite the size of the R1 rhizome (rhizome with one bud), no difference was observed 
between its germination time and that of other rhizome sizes. This result could be explained by the environmental 
conditions during the field trials. The experiments ran from a dry season to a rainy season (March-June). Because of the 
scarcity of rainfall, the plots were watered regularly every two days. In a stressful situation, small rhizomes with a bud 
easily reach their imbibition threshold and trigger germination. Similar results were obtained by Muchena and Trogan 
[21]. These authors looked at the effects of seed size on germination under water stress, simulated in the laboratory by 
adding a mannitol solution of given concentration.  
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Concerning germination percentages, they were high in rhizomes size R3 (rhizome with three buds) and size R4 
(rhizome with four buds) compared with the other rhizomes. Indeed, this same observation was made by Stougaard 
and Xue [23] during their studies on wheat. These studies have shown that seed size has a profound effect on yield and 
the competitive ability of the crop. In general, there is a positive correlation between seed size and seed nutrient reserve 
[24]. This means that large seeds contain sufficient nutrients for the future plant before it becomes autonomous through 
photosynthesis. Thus, the total dependence of the seedlings on the nutrient stock contained in the seeds could explain 
this result. Similar results were recorded in the present study on Zingiber officinale Roscoe. This could be explained by 
the large amount of reserves contained in the rhizome. Furthermore, this result could be linked to the environmental 
conditions that prevailed in the field during the field trials. Given the scarcity of rainfall, this would have resulted in a 
shortage of water for the plants. Despite daily watering, the water supply certainly did not meet the plants' needs. With 
the high temperatures during the trials, the water supplied to the plants was probably evaporated before it reached the 
rhizomes. Under these conditions, the lack of water may justify these results. According to Lima et al [25], under 
conditions of water stress, large seeds, such as R4 rhizomes, with their large surface area, can maximise the little water 
available in the soil. The phytohormones contained in the seeds could also lead to such a result. Indeed, Sun et al [26], 
working on Jatropha seeds, have shown that large seeds contain a significant amount of auxins compared with other 
phytohormones. In parallel, Miransari and Smith [27] reported that seed germination and seedling development are 
strongly controlled by auxin and gibberellin. 

The significant difference in the agromorphological parameters studied, observed between the different types of 
rhizomes after sowing, could be explained by the presence of nutritional reserves, making it possible to ensure the initial 
nutrient requirements for the growth and development of young seedlings. In fact, seedlings from rhizome size R4 
(rhizome with four buds) through the buds mobilise a much greater quantity of reserves in a given time and therefore 
grow faster than those from rhizomes size R1 and R2. However, the speed of development remains unchanged. The date 
of transition to autotrophy depends closely on the fraction of reserves mobilised and the physiological stage reached. 
Seedlings from large rhizomes start their photosynthetic period with a higher chlorophyll organ weight. This could have 
important consequences for the development of the exponential growth phase, whose initial state is thus favourably 
modified. According to Cooper and Macdonald [28] seedling growth is linearly related to the quantity of reserves 
consumed. Pommel [29] found this to be the case for several seed sizes. The greater growth of seedlings from large 
seeds compared with those from small seeds can therefore be explained by a greater consumption of reserves in 
absolute terms per unit of time. The results observed in the present study are similar to those of Abdul-Hamid [30], who 
showed that plant development is linked to size and nutrients. In the case of small plants, the reserves still available at 
the time of the transition to autotrophy are smaller. This constitutes a safety margin for seedlings from small seeds, 
which are more vulnerable to environmental conditions such as structural obstacles, dark periods and, above all, 
temperature. Derieux et al [31] have shown that the start of photosynthesis requires more nutrient reserves. 

5. Conclusion 

The results indicate that the number of rhizome buds has no influence on germination time. However, rhizomes size R3 
and R4 showed a better germination rate profile. Similarly, in terms of agro-morphological characteristics, rhizomes 
size R3 and R4 (rhizomes with three buds and rhizomes with four buds) provided the best growth parameters. 
Rhizomes with three buds and rhizomes with four buds gave similar results. Ginger can be regenerated with three-bud 
rhizomes, reducing the quantity of rhizomes needed to establish a new crop. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

References 

[1] Preeti, C., Dnyaneshwar, W., Kalpana, J., and Bhushan, P. (2008). Development of SCAR (sequence characterized 
amplified region) markers as a complementary tool for identification of ginger (Zingiber officinale Roscoe) from 
crude drugs and multicomponent formulations. Biotechnology and Applied Biochemistry, 50, 61-69. DOI 
: 10.1042/BA20070128. 

[2] Parthasarathy, V.A., Srinivasan, V., Nair, R.R., John, Z.T., Kumar, A. and Prasath, D. (2012). Ginger : Botany and 
Horticulture. Indian Institute of Spices Research, Indian Council of     Agricultural Research. Calicut, Kerala, India, 
388 p. 

https://doi.org/10.1042/ba20070128


World Journal of Advanced Research and Reviews, 2025, 28(01), 1520-1530 

1529 

[3] Colleen, N.A., Bailey-Shaw, Y.A., Hibbert, S.L., Green, C., Smith, A.M., and Williams, L.A.  (2012). Characterization of 
cultivars of Jamaican ginger Zingiber officinale Roscoe). Food Chemistry, 131 (4), 1517-1522. DOI : 
https://doi.org/10.1016/j.foodchem.2011.09.115. 

[4] Nayak, S., Naik, P. K., Acharya, L., Mukherjee, A. K., Panda, P. C., and Das, P. (2005). Assessment of genetic diversity 
among 16 promising cultivars of ginger using cytological and molecular markers. Zeitschrift für Naturforschung 
C. Journal of biosciences, 60(5-6), 485-492. https://doi.org/10.1515/znc-2005-5-618. 

[5] Kouadio, B.A.S., Kouonon, L.C., Kimou, S.H., Touré, Y., Yéo, S., and Koné, M. (2023) Agromorphological 
Characterization of Ginger (Zingiber officinale Rosc Zingiberaceae) Accessions Grown in Côte d’Ivoire. American 
Journal of Plant Sciences, 14, 1327-1342. DOI: https://doi.org/10.4236/ajps.2023.1411090 

[6] FAOSTAT (2023). (Division statistique de l'Organisation des Nations Unies pour l’Alimentation et l’Agriculture) : 
production mondiale de gingembre. https://www.fao.org/faostat/en/#data/QV. Consulted on 10 /10/ 20225.  

[7] Jiang, Y., Turgeon, K.D., Wright, B.D., Sidahmed, E., Ruffin, M.T., Brenner, D.E., Sen, A., and Zick, S.M. (2013). Effect 
of ginger root on cyclooxygenase-1 and 15-hydroxyprostaglandin dehydrogenase expression in colonic mucosa 
of humans at normal and increased risk for colorectal cancer. European Journal of Cancer Prevention, 22(5), 455-
460. doi : 10.1097/CEJ.0b013e32835c829b. 

[8] Singh, G., Kapoor, I.P.S., Singh, P., Heluani, C.S., Lampasona, M.P., and Catalan C.A.N. (2008). Chemistry, 
antioxidant and antimicrobial investigations on essential oil and oleoresins of Zingiber officinale. Food and 
Chemical Toxicology, 46(10), 3295–3302. https://doi.org/10.1016/j.fct.2008.07.017. 

[9] [9] Akbarian, A., Abolghasem, G., Ahmadi, S., and Hossein, M. (2011). Effects of ginger root (Zingiber officinale) on 
egg yolk cholesterol, antioxidant status and performance of laying hens. Journal of Applied Animal Science, 39, 19-
21. DOI ; https://doi.org/10.1080/09712119.2011.558612 

[10] An, K., Zhao, D., Wang, Z., Wu, J., Xu, Y., and Xiao, G. (2016). Comparison of different drying methods on Chinese 
ginger (Zingiber officinale Roscoe): Changes in volatiles, chemical profile, antioxidant properties, and 
microstructure. Food Chemistry, 197, 1292-1300. DOI: 10.1016/j.foodchem.2015.11.033. 

[11] Arshad, H., Fahad, M., and Salah, M. (2014). Active ingredients of ginger as potential candidates in the prevention 
and treatment of diseases via modulation of biological activities. International Journal of Physiology, 
Pathophysiology and Pharmacology, 6(2), 125 –136.  www.ijppp.org /ISSN:1944-8171/IJPPP0000143. 

[12] Whiley, A.W. (1974). Ginger growing in Queensland. Queensland Journal of Agricultural, 100, 551–557. 

[13] Valenzuela, H. 2011 (revised). Farm and Forestry Production and Marketing Proile for Ginger (Zingiber 
officinale). In: Elevitch, C.R. (ed.). Specialty Crops for Paciic Island Agroforestry. Permanent Agriculture 
Resources (PAR), Holualoa, Hawaii. http://agroforestry.net/scps 

[14] Gnamien, Y. G., N'Guessan, A. Z., Yao, K. A. G., Koffi, N. B. C., Ayolié, K., & Kouadio, Y. J. (2025). Contribution to 
Detarium senegalense J. F. Gmelin domestication under the climatic conditions of Daloa, Côte d'Ivoire. Universal 
Journal of Agricultural Research, 13(1), 1-9. DOI: 10.13189/ujar.2025.130101 

[15] Koffie-bikpo, C.Y., and Kra, K.S. (2013). La région du Haut-Sassandra dans la distribution des produits vivriers 
agricoles en Côte d’Ivoire. Revue de Géographie Tropicale et d’Environnement, 2, 1-9. https://www.revues-ufhb-
ci.org/fichiers/FICHIR_ARTICLE_1280.pdf 

[16] Dabin, B., Leneuf, N., and Riou, G. (1960). Carte pédologique de la Côte d’Ivoire au 1/ 2.000.000. Notice explicative. 
ORSTOM, 39 p. https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/notexp/10751.pdf. 

[17] Zro, B.G.F., Guéi, A.M., Nangah, K.Y., Soro, D., and Bakayoko, S. (2016). Statistical approach to the analysis of the 
variability and fertility of vegetable soils of Daloa (Côte d’Ivoire). African Journal of Soil Science, 4 (4), 328-338.  
https://www.researchgate.net/publication/306415005. 

[18] Avenard, J.M. (1971). Aspect de la géomorphologie. In : Le milieu naturel de Côte d’ivoire. Mémoire ORSTOM, Paris, 
France, 50, 7-72. 

[19] N'guessan, A.H., N'guessan, K.F., Kouassi, K.P., Kouame, N.N., and N'guessan, P.W. (2014). Dynamique des 
populations du foreur des tiges du cacaoyer, Eulophonotus myrmeleon Felder (Lépidoptère: Cossidae) dans la 
région du Haut-Sassandra en Côte d’ivoire. Journal of Applied Biosciences, 83, 7606–7614. 
http://dx.doi.org/10.4314/jab.v83i1.11. 

[20] Bruckler, L. (1983). Rôle des propriétés physiques du lit des semences sur l'imbibition et la germination. I. 
Elaboration d'un modèle du système ''terre-graine". Agronomie, 3, 231-222. HAL Id: hal-00884504.  

https://doi.org/10.1016/j.foodchem.2011.09.115
https://doi.org/10.1515/znc-2005-5-618
https://doi.org/10.4236/ajps.2023.1411090
https://www.fao.org/faostat/en/#data/QV
https://www.sciencedirect.com/journal/food-and-chemical-toxicology
https://www.sciencedirect.com/journal/food-and-chemical-toxicology
https://doi.org/10.1016/j.fct.2008.07.017
https://doi.org/10.1080/09712119.2011.558612
https://doi.org/10.1016/j.foodchem.2015.11.033
http://agroforestry.net/scps
https://www.revues-ufhb-ci.org/fichiers/FICHIR_ARTICLE_1280.pdf
https://www.revues-ufhb-ci.org/fichiers/FICHIR_ARTICLE_1280.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/pleins_textes_5/notexp/10751.pdf
https://www.researchgate.net/publication/306415005


World Journal of Advanced Research and Reviews, 2025, 28(01), 1520-1530 

1530 

[21] Muchena, S.C., and Trogan, C.O. (1977). Effect of seed size on germination of (Zea mays L.) under simulated water 
stress conditions. Canadian Journal of Plant Science, 57, 921-923. https://doi.org/10.4141/cjps77-131. 

[22] Graven, L.M., and Carter, P.R. (1990). Seed size/shape and tillage system effect on com growth and grain yield. 
Journal of Production Agriculture, 3, 445-452. DOI: https://doi.org/10.2134/jpa1990.0445. 

[23] Stougaard, R.N., and Xue, Q. (2005). Quality versus quantity: spring wheat seed size and seeding rate effects on 
Avena fatua interference. Economic Returns And Economic Thresholds. Weed Research, 45, 351-360. 
https://doi.org/10.1111/j.1365-3180.2005.00468.x. 

[24] Perry, D.A. (1980). Seed vigour and seedling establishment. Advances in Research and Technology of Seeds, 5, 25–
40. CABI Record Number: 19810719298. 

[25] Lima, E.R., Santiago, A.S., Arùjo, A.P., and Teixeira, M.G. (2005). Effects of the size of sown seed on growth and 
yield of common bean cultivars of different seed sizes. Brazilian Journal of Plant Physiology, 17 (3), 273-281. DOI: 
https://doi.org/10.1590/S1677-04202005000300001. 

[26] Sun, Y., Wang, C., Wang, N., Jiang, X., Mao, H., Zhu, C., Wen, F., Wang, X., Lu, Z., Yue, G., Xu, Z., and Ye J. (2017). 
Manipulation of auxin response factor 19 affects seed size in the woody perennial, Jatropha curcas. Scientific 
Reports, 7, 40844-40857.  

[27] Miransari, M. and Smith, D.L. (2014). Plant hormones and seed germination. Environmental and Experimental 
Botany, 99, 110-121. http://dx.doi.org/10.1016/j.envexpbot.2013.11.005. 

[28] Cooper, C.S., and Macdonald, P.W. (1970). Energetics of early seedling growth in corn (Zea mays L.). Crop. Science., 
10, 136-139.  DOI :10.2135/CROPSCI1970.0011183X001000020003X. 

[29] Pommel, B. (1990). Influence du poids de la semence et de la profondeur de semis sur la croissance et le 
développement de la plantule de maïs. Agronomie, 10, 699-708. https://hal.science/hal-00885328v1.  

[30] Abdul-Hamid, I. (1986). Influence de la qualité semencière sur la germination, la croissance hétérotrophe et le 
devenir des plantules des maïs. Thèse de Doctorat, Université de Rennes, 148 p. 

[31] Derieux, M., Bourdu, R., Durburcq, J.B., and Boizard, H. (1989). La crise de croissance de la plantule de maïs à 
basse température. Agronomie, 9, 207-221. hal-00885189⟩ 

https://doi.org/10.4141/cjps77-131
https://doi.org/10.2134/jpa1990.0445
https://doi.org/10.1111/j.1365-3180.2005.00468.x
https://doi.org/10.1590/S1677-04202005000300001
https://doi.org/10.2135/CROPSCI1970.0011183X001000020003X
https://hal.science/hal-00885328v1
https://hal.science/hal-00885189v1

