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Effect of Cultivars on growth and yield of Okra (Abelomoschus esculantus L. Moench) Under Different Conditions in South East Kordofan, Sudan
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ABSTRACT

	Okra (Abelmoschus esculentus L. Moench) is a vital vegetable crop cultivated extensively in Sudan. It is esteemed for its rich nutritional value, offering significant amounts of vitamins A, C, thiamine, riboflavin, niacin, calcium, phosphorus, and potassium, contributing to dietary and economic value. A field experiment was conducted in South Kordofan State in Alabassia Locality, Sudan, during two seasons (autumn and winter) 2022/2023 in randomized complete block design (RCBD) with four replicates. The aim of Study to investigate the effect of varieties on growth and yield. Five varieties were used in this study, four improved varieties: Green grad, Pusaswani (Kararri), foriegn spiny, Kararri spineless with an old local traditional variety widely used by farmers, Umkirshat. The treatment were arranged. Character studies included growth attributes: plant height (cm), number of leaves per plant, stem diameter (cm), number of branches per plant. Yield parameters included: number of pods per plant and yield (ton ha-1). The results revealed that the varieties had a significant differences (p = 0.05) in plant height, number of pods per plant and fruit yield (ton ha=1) for the two seasons.   Results showed that the highest productivity attained by the varieties Green Gard and Kararri spiny in the summer (autumn) season about the 2.87 and 2.47 ton ha-1 respectively. In winter season the highest fresh fruit yield (0.407 ton ha-1) attained by the variety Green Gard. From these result the autumn season was favorable for growing the okra in Alabassia Tagali locality, Sudan. The variety Green Gard of recommended as prospected cultivar to be used by okra farmers of North Kordofan state to attained highest pods yield.    
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1. INTRODUCTION
Okra (Abelmoschus esculentus), a member of the family Malvaceae, performs optimally under hot and humid climatic conditions worldwide. In Sudan, it is regarded as a traditional and widely consumed vegetable crop and is cultivated across various regions of the country (Elhag et al., 2014). The crop is grown in most parts of Sudan throughout the year, except during cooler periods, with an estimated cultivated area ranging between 50,000 and 60,000 hectares (Abd-El Rahman et al., 2012). Alongside okra, leafy vegetables such as Corchorus olitorius (Jew’s mallow) and Portulaca oleracea (purslane) are also commonly produced and widely consumed across the country. Historically, okra was introduced into Europe in the thirteenth century and subsequently into the Americas in the mid-seventeenth century (Asgrow Seed, 1977). It is recognised as an economically important vegetable crop with considerable potential to enhance the income of smallholder farmers (Olezyk et al., 2005). Agronomic studies have demonstrated that planting time significantly influences crop performance. For example, Sharif et al. (2002) reported that plant height and leaf number were significantly higher in March sowings compared to May sowings. Since vigorous vegetative growth is closely associated with improved reproductive performance, higher pod development is generally linked to increased seed yield. Similarly, Islam (2000) and Yogesh (2001) found that sowing in July resulted in higher pod and seed yields compared to late August and October plantings, while Shujat (2006) reported greater seed yield from June sowings compared to late July sowings across several okra cultivars. Plants contribute directly to human nutrition and indirectly through livestock production systems (Adetuyi et al., 2011). However, okra has historically been classified as a minor crop, and limited attention has been given to its genetic improvement and agronomic advancement in international research programmes (Sanjeet et al., 2010). Nutritionally, okra fruits are rich in protein, carbohydrates, essential minerals such as calcium, iron, sodium, potassium, and magnesium, as well as vitamins, thereby contributing significantly to dietary energy and nutritional security (Shittu et al., 2025; Watt and Merrill, 1963). The pods are versatile in culinary use and may be consumed fried, roasted, or boiled, and are commonly incorporated into soups, stews, and curries. Okra exhibits rapid growth under high temperature conditions, which explains its suitability for cultivation in tropical and subtropical regions (Costa et al., 1981). It can be grown in light-textured soils ranging from sandy loam to loam, particularly those with high organic matter content. Recommended planting spacing includes 60 × 15 cm, 60 × 30 cm, or 60 × 45 cm. Irrigation practices vary depending on the cropping season: the first irrigation is applied immediately after sowing, followed by intervals of 5–8 days during spring–summer cultivation and 10–12 days during winter cultivation, whereas irrigation is generally not required during the rainy season. Despite its adaptability, okra yields remain relatively low, typically ranging from 2 to 4 t/ha, largely due to non-intensive production practices. Seed yield commonly ranges between 500 and 1000 kg/ha. Postharvest handling is limited, as okra pods have a high respiration rate under warm conditions and are prone to rapid deterioration when exposed to ambient temperatures. The optimum storage temperature is approximately 10°C; however, under controlled conditions of 4.5–10°C and 90% relative humidity, pods can be stored for up to 7–10 days. The main constraints limiting okra production and expansion in Sudan, as reported by Elhag et al. (2014) and others, include erratic and insufficient rainfall, inadequate agricultural research and extension services, poor agronomic practices, the use of uncertified seed, reliance on market-purchased varieties, delayed sowing, and inadequate weed management. In light of these challenges, the present study was undertaken to evaluate the effects of different cultivars on the growth and yield of okra and to determine the optimum planting season for fresh fruit production of both improved and local cultivars in South East Kordofan, Alabassia locality, and other areas with similar environmental conditions.

2. MATERIALS AND METHODS
2.1 Experimental Site
A field experiment was conducted during (2021/2022) in summer (autumn) and winter seasons in Alabassiyah locality which located in the North-East of South Kordofan State in Sudan (latitude 376m (1233 foot) above sea level). The aim of this study to investigate the effect of cultivars on growth and yield of okra ((Abelmoschus esculentus L. Moench). The locality latitude (11˚ 15 and 16˚ 30 N) and longitude (27˚ and 32˚ E). The soil is loamy. Annual rainfall average ranges between 350-500 mm. Average maximum daily temperatures varied between 30ºC to 35ºC most of the year (Technoserve, 1987).                                                                                       
This study was conducted at Alabassiyah locality which located in the North-East of South Kordofan State in Sudan, at a latitude 376m (1233 foot) above sea level, it is 304 km away from Khartoum (250 miles), it is also known as Abassia Tagali 
2.2 Experimental Design and Treatments
The experiment was arranged in a Randomized Complete Block Design (RCBD) with four replications to ensure reliability and control of experimental error. Each experimental plot measured 4 × 4 m. The study comprised five treatments, including four improved okra varieties—Green Gard, Pusa Sawani (Karari), Foreign Spiny, and Karari Spineless—alongside a widely cultivated local traditional variety, Umkirshat, which served as a farmer-preferred check. The five treatments arranged as follow: 
Kararri spiny
Kararri spinless
Greengard
Pusaswani
Umkrishat
2.3 Crop Establishment and Management
Sowing dates were on the June 1st, 2022 for autumn season, and 1st of October for winter season. Seeds were sown on rows, three seeds /hole at the depth 1.5 cm, spacing 60 cm between rows and 30 cm between holes. After two weeks from sowing, seedlings were thinned to two plants per hole.  Weeding twice was done manually using hoe.
2.4 Characters Studied 
A sample of five plants was taken at random from the inner rows of each experimental unit to measure the following attributes:
 Plant height (cm):  the height of the plant from ground level to the tip of the plant
Number of leaves per plant
 Stem diameter (cm) 
Number of branches per plant
Number of pods per plant
 Fresh fruit yield (ton ha-1). Fruit yield was determined as following
                          


 
2.5 Statistical Analysis
Data analysis was carried out according to the statistical procedure described by Gomez and Gomez (1984) and the computer package MSTAT-C. Means were separated using the Duncan's Multiple Range Test (DMRT) at 5% probability level.

3. RESULTS AND DISCUSSION

3.1 Plant height (cm) 
The statistical analysis of the data for the differences between okra varieties in two seasons showed significant differences between the varieties in plant height character (Table 1 and 2). In the autumn season plant height of Kararri spiny (92.4 cm) was significantly higher than the other varieties, whereas the shorter one obtained in PusaSwani (60.8 cm). In the winter season the longest genotype obtained from kararri spineless (24.1cm) whereas the shorter one obtained in Pusaswani (13.1cm). That might be attributed to the decrease of temperature and increase of relative humidity during growing period in both seasons. Similar results were obtained by Dermany and Faraq (1994) and Ossom (2011) who obtained poor seed emergence and short okra plants on late sowing in August and September compared to early sowing in July which they have also attributed to low temperature and high relative humidity during that period.
3.2 Number of leaves per plant  
The statistical analysis showed that there were no significant differences between the varieties in number of leave character in two seasons. That might be attributed to the decrease of temperature and increase of relative humidity during August and September throughout the year. (Elhag and Ahmed. 2014)
3.3 Stem Diameter (cm)
[bookmark: _GoBack]The statistical analysis indicated that there were no significant differences among the okra varieties with respect to stem diameter in both seasons (Tables 1 and 2). This suggests a relatively stable expression of this trait across the evaluated genotypes under the prevailing environmental conditions. Previous studies have, however, reported notable variability among okra genotypes for several morphological traits. For instance, Elhag and Ahmed (2014) observed considerable genetic variation in characteristics such as plant height, number of leaves, and number of branches among different okra genotypes. Such variability in growth traits highlights the influence of genetic factors on morphological performance in okra.
In the present study, the lack of significant variation in stem diameter, in contrast to differences reported for other growth parameters, may reflect a more conservative genetic control of this trait among the evaluated cultivars. Nonetheless, the broader pattern of variation observed in other morphological characteristics in previous research supports the existence of genetic diversity among okra cultivars, which may account for differential performance across growth parameters under similar environmental conditions.

3.4 Number of Pods per Plant 
The statistical analysis revealed significant differences among okra varieties with respect to number of pods per plant during the autumn season (Table 1). The highest pod production was recorded in the Karari Spiny variety (399.0 pods per plant), whereas the lowest was observed in Umkershat (144.5 pods per plant), indicating substantial varietal variation in yield performance. Similarly, in the winter season, significant differences were also observed among the tested varieties in relation to pod number (Table 2). The highest pod yield was obtained from Green Gard (65.67 pods per plant), while the lowest was recorded in Pusa Sawani (25.25 pods per plant). The generally reduced pod formation during the winter season may be attributed to the adverse effects of low temperature and high relative humidity during the reproductive stage (October–December), conditions which are known to negatively affect pollen viability and pod setting. These findings are consistent with earlier reports by Khalif (1981) and Lee et al. (1990), who demonstrated that planting dates significantly influence both yield and yield components in okra. In particular, early planting was associated with a higher number of pods per plant compared to delayed sowing, highlighting the importance of appropriate planting time for optimal crop performance.
3.5 Fresh Fruit Yield
The data showed significant differences between the varieties in yield character in two seasons (Table 1 and 2), in autumn season the height productivity genotype obtained from (Green Gard 2871.0g/plot) and the low productivity genotype obtained from (Umkreshat (123 g/plot). In the winter season the height productivity obtained from Green Gard (407.65g/plot) and the low productivity in KarariSpine less(114.85g/plot).The  need  for  farmers  to  select  cultivars  that provide  the  highest  yield  under  specific environmental conditions for increased income, and  consumer  satisfaction  are  reasons  that necessitates  the  importance  of  evaluating  the growth  and  yield  of  different  varieties  of  okra. In  addition  is  the  need  to  optimize  production and  increase  overall  crop  yield,  leading  to improved  profitability  and  food  security. Highest yield obtained with Green Gard 2871.0g compared with NHA 47-4 which was 3.43ton/ha was lower than the yield obtained from the same variety by Omotoso and Johnson (2015).  Iorlamen et al. (2015) recorded a higher yield of 3.64 ton/ha than other varieties of okra. also  reported  a  higher yield  obtained  with  NHV  47-4  over  Clemson spineless. Similar results found in paper published by Shkalo et al., (2023). The fresh pod yield in summer was highest than winter season. Alegbejo (2001) and Abd-El Rahman (2012).  obtained high okra pod number and yield  at early sowing (on 20th and 30th of June) compared to that at late sowing (on 15th and 30th of July or later). They concluded that early grown okra plants might have longer period of favorable condition (relatively high temperature and low relative humidity) for growth and development



Table 1. Plant height, number of leaves per plant, stem diameter, number of pods per plant and fresh fruit yield of okra (A belomoschus esculantus L.) as affected by cultivars grown during autumn season (2022/2023). 
	Treatments
	Plant height (cm)
	Number of leaves per plant
	Stem diameters (cm)
	Days to 50% flowering
	Number of pods per plant
	Yield
(ton ha-1)

	Kararri spiny
	92.4 a
	12.30 a
	6.25 a
	43.50c
	399.00 a
	2.47 a

	Kararrispinless
	82.2 ab
	10.83 a
	5.90 ab
	44.70b
	274.25 b
	2.66 ab

	Green gard
	69.7 BC
	12.98 a
	5.90 ab
	43.50c
	254.00 b
	2.87 a

	Pusaswani
	60.8 C
	12.40 a
	6.33 a
	44.30b
	196.50 bc
	1.90 bc

	Umkrishat
	68.7 BC
	10.83 a
	5.48 b
	57.50a
	144.50 c
	1.23 c

	Grand mean
	69.7
	11.9
	5.97
	46.70
	253.65
	2.43

	SE±
	4.6
	1.53
	5.22
	1.44
	27.08
	0.27

	C. V %

	4.78
	.95
	2.25
	0.6
	12.52
	1.o8


Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test





Table 2. Plant height, number of leaves per plant, stem diameter, number of pods per plant and fresh fruit yield of okra (A belomoschus esculantus ) as affected by cultivar grown during winter season (2022/2023).
	Treatments
	Plant height (cm)
	Number of leaves per plant
	Stem diameters (cm)
	Days to 50% flowering
	Number of pods per plant
	Yield
(ton ha-1)

	Kararri spiny
	21.900 ab
	9.300 a
	3.2000 ab
	56.5b
	28.750 b
	0.120b

	Kararrispinless
	24.100 a
	8.5500 a
	2.9750 b
	55.3b
	27.750 b
	0.114b

	Green gard
	20.550 ab
	7.9625 a
	2.9750 ab
	55.3b
	65.750 a
	0.407a

	Pusaswani
	13.125 c
	8.0875 a
	3.7250 a
	59.5a
	25.250 b
	0.156 b

	Umkrishat
	16.900 bc
	8.6500 a 
	3.2125 ab
	55.8b
	38.750 b
	0.205 b

	Grand mean
	19.315
	8.5100
	3.72
	56.48
	36.6
	0.200

	SE±
	2.1194
	0.4906
	0.2801
	4.20
	6.91
	0.032

	C. V %

	4.19
	1.17
	.1.74
	3.11
	1.88
	13.60


Similar letters are not significantly different at the 0.05 level of probability according to Duncan Multiple Range Test
4. CONCLUSION
This manuscript evaluates the performance of different okra cultivars under varying seasonal conditions in South East Kordofan, Sudan. The study contributes useful information for cultivar selection and seasonal optimization in semi-arid environments. The findings are relevant for improving productivity, farmer income, and food security in Sudan and regions with similar agro-ecological conditions. The work also provides baseline data that can support future agronomic and breeding research on okra. Results showed that the highest productivity attained by the varieties Green Gard and Kararri spiny in the summer (autumn) season about the 0.32 and 0.3 ton ha-1 respectively. In winter season the highest fresh fruit yield (0.04 and 0.02 ton ha-1) attained by the varieties Green Gard and Umkreshat respectively, which was very low productivity compared to summer season. Thus, from these result the summer (autumn) season was favorable for growing the okra in Alabassia Tagali locality, Sudan and variety Grand Gard recommend to be grown by the farmer for high pod yield. An expanded study with different genotypes and agronomic practices, need further study to determine whether there are greater benefits or yield increases at other levels than those observed this study
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