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Abstract 
 

Okra (Abelmoschus esculentus) is a fruit vegetable of the family Malvaceae and exhibits considerable 

morphological and phenological diversity in West Africa. In Niger, this diversity may support varied 

consumer preferences and market requirements. This study aimed to improve understanding of the 

phenological characteristics of ten okra cultivars in Niger. The experiment was conducted in the botanical 

garden of the Faculty of Science and Technology, Abdou Moumouni University, Niamey, using a 

randomised complete block design with three replications. Observations focused on germination and 

flowering, and the Kaplan-Meier survival-analysis model was used to examine cultivar dynamics over time. 
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Germination occurred between 3 and 10 days after sowing. The median germination time was approximately 

5 days, corresponding to the point at which 50% of the seeds had germinated. Cultivar 10 germinated earliest, 

followed by Cultivars 8, 7, 2, and 1. Flowering occurred between 42 and 73 days after sowing. The median 

flowering time was approximately 53 days, corresponding to the point at which the estimated probability of 

remaining unflowered first fell below 50%. Cultivars 8, 6, 10, 9, 1, and 7 flowered earliest. The findings 

demonstrate temporal variation in germination and flowering among the evaluated cultivars and provide 

preliminary information for identifying early-performing materials under the local growing conditions of 

Niamey. 

 
 

Keywords: Okra; Abelmoschus esculentus; germination dynamics; flowering dynamics; Kaplan–Meier analysis; 

phenology; cultivar earliness; survival analysis; Niger; Sahelian agriculture. 
 

1. Introduction 
 

Okra [Abelmoschus esculentus (L.) Moench] is one of the most important vegetable crops in tropical and 

subtropical regions, where it contributes substantially to food security, dietary quality, and the incomes of 

smallholder farmers (Kaleri et al., 2024). Its high content of fibre, vitamins, minerals, and bioactive compounds, 

together with its capacity to adapt to relatively harsh environmental conditions, makes it a strategic crop for 

sustainable agriculture in arid and semi-arid areas (Haq et al., 2023; Kaleri et al., 2024). Okra is therefore of 

considerable nutritional and economic importance, particularly in tropical and subtropical regions. The 

dynamics of germination and flowering in okra cultivars, which are influenced by biotic and abiotic factors, play 

an important role in crop productivity and resilience. This study was conducted in a context in which water 

stress and climate variability threaten agricultural production, creating a need for accurate modelling to improve 

understanding of the interactions between genotype and environmental conditions (Sawadogo et al., 2009). 

Modelling the germination and flowering dynamics of okra cultivars (Abelmoschus esculentus) can support the 

optimisation of agricultural practices and adaptation to environmental variation. Okra is subject to climatic 

constraints that influence germination, growth, flowering, and productivity. Furthermore, advances in the 

phenotypic and genetic characterisation of okra genetic resources have revealed considerable diversity in growth 

and developmental responses among genotypes, thereby creating opportunities for plant breeding and the 

selection of cultivars adapted to different agroecological contexts (Mishra et al., 2024). These approaches can 

help predict okra responses under different climatic scenarios by considering factors such as seed type, planting 

depth, and soil type (Diallo et al., 2022). Studies conducted in Senegal on local and introduced cultivars have 

also highlighted the importance of cultural practices, including fertilisation methods and cultivar selection, in 

optimising critical stages of the crop cycle, particularly emergence and flowering (Thiaw et al., 2019). 
 

Recent evidence further indicates that okra phenology and early establishment vary among genotypes and can be 

influenced by seed priming and cultivar-specific seed characteristics (Sheferie et al., 2023; Gul et al., 2025). 

Fertiliser management has also been associated with differences in flowering time and the germination quality 

of harvested okra seed (Yadav et al., 2026). Likewise, organic nutrient inputs can influence okra growth and 

yield performance, indicating that management conditions should be considered when cultivars are compared 

(Devi et al., 2025). 
 

Despite evidence that genotype, environment, and crop management affect okra development, comparative 

time-to-event information on germination and flowering among locally cultivated okra materials in Niger 

remains limited. In particular, the temporal progression of these stages has rarely been evaluated using survival-

analysis methods that can accommodate events occurring at different times. 
 

This research was designed to identify the cultivars that germinate and flower earliest under local conditions. 

Therefore, the study aimed to model the germination and flowering dynamics of ten okra cultivars grown under 

the local conditions of Niamey, Niger, using the Kaplan-Meier method and to identify cultivars with relatively 

early germination and flowering. 
 

2. Methodology 
 

2.1 Experimental Site 
 

The study was conducted in the botanical garden of the Faculty of Science and Technology (FAST), Abdou 

Moumouni University, Niamey, Niger (Fig. 1). The garden covers an area of 5.19 ha. The experimental site is 
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located at 13°30′09.4″ N and 02°05′56.3″ E. It is characterised by a southern Sahelian climate (Saadou, 1990). 

The mean annual rainfall recorded in this area is approximately 422.7 mm. The soil at the site is sandy loam 

(Garba et al., 2020). 

 

 
 

Fig. 1. Map of the study area (Garba et al., 2020) 

 

2.2 Plant Material 
 

The plant material (Table 1) comprised ten (10) okra cultivars originating from various locations in Niger. 

 

Table 1. Some characteristics of the cultivars studied 

 

Cultivars Name Origin 

Cultivar 1 Harey garey Tillabéry 

Cultivar 2 Gombo de Gueskerou Diffa (Gueskerou) 

Cultivar 3 Gombo de Lada Diffa (Lada) 

Cultivar 4 Gombo de Diffa Diffa (Diffa) 

Cultivar 5 Gombo long - 

Cultivar 6 Gombo court - 

Cultivar 7 Gazelle - 

Cultivar 8 Gombo de Sakoira Sakoira 

Cultivar 9 Gombo de Tillabéry Tillabéry 

Cultivar 10 Gombo de Balleyara Balleyara 
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2.3 Experimental Design and Data Collection 
 

The experiment was conducted during the 2024 rainy season in the botanical garden of the Faculty of Science 

and Technology (FAST), Abdou Moumouni University, Niamey, Niger. The trial used a randomised complete 

block design with three replicates, with the third block divided into two parts of five rows each and distributed 

across the first two blocks. Cultivar was the only factor studied, with 10 treatments corresponding to the 

different cultivars. The total trial area was 93 m² (6 m × 15.5 m). Each block comprised ten (10) rows of five 

(05) plots each, giving a total of fifty (50) plots per block. Of the five plots in each row, the three central plots 

were used for the study, giving a total of 90 plots across all blocks. In each block, each cultivar was represented 

by a 2 m row containing five (05) planting holes spaced 0.5 m apart. The area of an entire block was 18 m², and 

the distance between rows was 1 m (Fig. 3). Germination and flowering dates were recorded for the three 

replicates in each block and for each cultivar. Planting holes in which germination did not occur were treated as 

censored observations, as required by the Kaplan-Meier model. 

 

2.4 Data Analysis 
 

Statistical methods, including the Kaplan-Meier model, were used to analyse the germination and flowering 

dynamics of okra cultivars over time. The recorded data were entered into a Microsoft Excel spreadsheet. 

 

Kaplan-Meier Model 

 

𝐺(𝑡) = 𝑃(𝑇 > 𝑡) 
𝐹(𝑡) = 𝑃(𝑇 > 𝑡) 

 

Where: 𝑇= time until the event occurs; 𝑡 = given time; 𝐺(𝑡) or F(t) = the probability that an individual will 

germinate or flower after time 𝑡.  

 

In particular, the method made it possible to describe the distribution of the times at which the events of interest 

occurred, compare event times among several groups (cultivars), and estimate the median times to germination 

and flowering. 

 

All statistical analyses were performed using R software, version 4.2.1 (R Core Team, 2025). 
 

3. Results and Discussion 
 

3.1 Results 
 

The analysis of variation in germination over time (Table 2) showed that germination occurred from the third 

(03) to the tenth (10) day after sowing. Of the 90 central planting holes, 16 had germinated by the third day after 

sowing, corresponding to an estimated probability of 82.22% that germination had not yet occurred. At the start 

of the tenth day, seven (07) seeds remained at risk, and two germination events were recorded. The median 

germination time for the okra cultivars in Niger was approximately five (05) days, corresponding to the time at 

which 50% of the seeds had germinated (Table 2). 

 

Table 2. Germination trends as a function of time 

 

Time 

(day) 

Number of 

individuals 

tested  

Number of 

events 

Probability Standard 

Errors 

Lower 

95% CI 

Upper 95% 

CI 

3 90 16 0.8222 0.0403 0.74323 0.901 

4 74 25 0.5444 0.0525 0.44155 0.647 

5 49 7 0.4667 0.0526 0.3636 0.57 

6 42 3 0.4333 0.0522 0.33096 0.536 

7 39 20 0.2111 0.043 0.1268 0.295 

8 19 6 0.1444 0.0371 0.07182 0.217 

9 13 6 0.0778 0.0282 0.02245 0.133 

10 7 2 0.0556 0.0241 0.00823 0.103 
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Fig. 2 shows the change in seed germination over time. At time T0, 100% of the seeds had not yet germinated. 

Once germination began on the third day, the estimated probability of remaining ungerminated decreased 

progressively until the tenth day. The median time at which 50% of the seeds had germinated was five (05) days 

after sowing (Fig. 2). 

 

 
 

Fig. 2. Germination dynamics of okra seeds over time 

 

Analysis of variation in germination among cultivars over time (Fig. 3) showed that Cultivar 10 germinated 

earliest, followed by Cultivars 8, 7, 2, and 1, respectively. 

 

 
 

Fig. 3. Germination dynamics of cultivars over time 
Legend: Cult-1 =Harey garey, Cul-t2=Gueskerou, Cult-3=Lada, Cult4=Diffa, Cult5=Long, Cult-6=Court, Cult-7=Gazelle, 

Cult-8=Sakoira, Cult-9=Tillabery, Cult-10=Balleyara 
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The analysis of variation in flowering over time (Table 3) showed that flowering occurred from the forty-second 

(42nd) to the seventy-third (73rd) day after sowing. Of the 55 central plots considered, only one had flowered by 

the forty-second day after sowing, corresponding to an estimated probability of 98% that flowering had not yet 

occurred. At the start of the seventy-third day, two (02) plants remained at risk, and one flowering event was 

recorded. The median flowering time for the okra cultivars in Niger was approximately fifty-three (53) days, 

corresponding to the time at which the estimated probability of remaining unflowered first fell below 50% 

(Table 3). 

 

Table 3. Changes in okra flowering over time 

 

Time (day) Number of 

individuals 

tested  

Number of 

events 

Probability Standard 

Errors 

Lower 

95% CI 

Upper 95% 

CI 

42 55 1 0.982 0.018 0.947 1.000 

43 54 1 0.964 0.025 0.914 1.000 

44 53 7 0.836 0.050 0.739 0.934 

45 46 1 0.818 0.052 0.716 0.920 

46 45 3 0.764 0.057 0.651 0.876 

47 42 1 0.746 0.059 0.630 0.861 

48 41 2 0.709 0.061 0.589 0.829 

49 39 2 0.673 0.063 0.549 0.797 

50 37 2 0.636 0.065 0.509 0.764 

51 35 1 0.618 0.066 0.490 0.747 

52 34 3 0.564 0.067 0.433 0.695 

53 31 4 0.491 0.067 0.359 0.623 

54 27 2 0.455 0.067 0.323 0.586 

55 25 2 0.418 0.067 0.288 0.549 

56 23 1 0.400 0.066 0.271 0.530 

57 22 6 0.291 0.061 0.171 0.411 

58 16 3 0.236 0.057 0.124 0.349 

60 13 1 0.218 0.056 0.109 0.327 

62 12 1 0.200 0.054 0.094 0.306 

63 11 1 0.182 0.052 0.080 0.284 

65 10 2 0.146 0.048 0.052 0.239 

66 8 1 0.127 0.045 0.039 0.215 

67 7 1 0.109 0.042 0.027 0.192 

68 6 3 0.055 0.031 0.000 0.115 

71 3 1 0.036 0.025 0.000 0.086 

73 2 1 0.018 0.018 0.000 0.054 

 

Fig. 4 shows the change in flowering over time. At time T0, 100% of the plants had not yet flowered. Once 

flowering began on the forty-second day, the estimated probability of remaining unflowered decreased 

progressively through the seventy-third day. The median flowering time for the okra cultivars in Niger was 

approximately fifty-three (53) days (Fig. 4). 

 

Analysis of variation in the number of days to flowering among the cultivars (Fig. 5) showed that Cultivars 8, 6, 

10, 9, 1, and 7 were the earliest to flower, whereas Cultivars 4, 5, 2, and 3 were the latest. 

 

4. Discussion 
 

The results showed that okra seed germination began on the third day after sowing (DAS) for Balleyara okra 

(C10) and continued until the tenth day. The median time to 50% germination was approximately five days after 

sowing. The observed variation in germination may reflect cultural practices or environmental factors. De 

Lannoy (2001) and Pizongo (2014) reported that germination and early growth are strongly influenced by 

cultural practices. Flowering began on the forty-second (42nd) day after sowing for Sakoira okra (C8) and on 

the seventy-third (73rd) day after sowing for Lada okra (C3). These results are consistent with Hamon and 

Charrier (2001), who stated that flowering in okra (Abelmoschus esculentus) begins one (1) to two (2) months 



 
 

 

 
Laouali et al.; Int. J. Plant Soil Sci., vol. 38, no. 8, pp. 243-251, 2026; Article no.IJPSS.162504 

 

 

 
249 

 

after sowing, depending on the cultivar, and continues over time. The differences in flowering observed in this 

study may reflect the environmental conditions to which the cultivars were exposed during the experiment. 

According to Sawadogo et al. (2006), biotic and abiotic factors can disrupt bud formation and flowering. 

Differences were also observed in the interval from germination to flowering among cultivars. Based on 

flowering time, the cultivars evaluated in this experiment included both early- and late-flowering types. 

 

 
 

Fig. 4. Flowering dynamics of okra seeds over time 

 

 
 

Fig. 5. Flowering dynamics of okra cultivars as a function of time 
Legend: Cult-1 =Harey garey, Cult-2=Gueskerou, Cult-3=Lada, Cult-4=Diffa, Cult-5=Long, Cult-6=Court, Cult-

7=Gazelle, Cult-8=Sakoira, Cult-9=Tillabery, Cult-10=Balleyara 
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5. Conclusions 
 

The study showed that the okra cultivars evaluated under the experimental conditions in Niamey differed in their 

germination and flowering dynamics. Germination began on the third day after sowing and continued until the 

tenth day, whereas flowering occurred from 42 to 73 days after sowing. The median germination and flowering 

times were approximately 5 and 53 days after sowing, respectively. The results indicated the presence of both 

early- and late-phenological types among the evaluated cultivars. Balleyara, Sakoira, Gazelle, Gueskerou, and 

Harey garey germinated relatively early, whereas Sakoira, Court, Balleyara, Tillabéry, Harey garey, and Gazelle 

were among the earlier-flowering cultivars. These findings provide preliminary information for identifying 

cultivars that may be suitable for production systems requiring early establishment or flowering under local 

growing conditions in Niger. 

 

6. Limitations 
 

This study was conducted at a single experimental site during one rainy season, which limits the extent to which 

the findings can be generalised across agroecological zones or years. The analysis focused on germination and 

flowering time; other agronomic traits, including plant height, fruit yield, fruit quality, and stress tolerance, were 

not evaluated. The effects of soil moisture, temperature, pest pressure, and other environmental variables were 

not quantified separately. The difference between the numbers of observations used for germination and 

flowering also requires clarification. Multi-location and multi-season trials are therefore needed. 
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