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ABSTRACT
[bookmark: _Hlk137215412]To enhance global food security, sustainable food production is a must-practice. Okra (Abelmoschus esculentus), a valuable and widely cultivated vegetable in tropical regions, plays a crucial role in food and income security. It is a multi-use vegetable grown for its edible parts and functional properties. It has a broad range of applications due to the utilisation of its leaves, buds, pods, seeds, flowers, and stems. This study investigated the effects of different irrigation regimes and organic fertilisers on the growth and yield of okra under field conditions. The experiment was conducted at the Nyankpala Campus of the University for Development Studies, Ghana, during both dry and wet seasons. A 3 × 4 factorial pot experiment was set up in a Randomized Complete Block Design (RCBD) with treatments including three irrigation regimes (50%, 75%, and 100% of crop water requirement, CWR) and four organic fertilizers: compost (CMT), sheep droppings (SHD), cow dung (CWD), all applied at 60 tons/ha that tranced to 0.5 kg per pot, and a control (CTR), each replicated three times. The crop water requirement (CWR) for Okra was estimated using CROPWAT 8.0 software. Data were arranged using Microsoft Excel (2019) and subjected to Analysis of Variance (ANOVA) using Minitab 21 at a 5% significance level. The physicochemical properties of the soil and organic fertiliser used were analysed before and after the experiment. Drip irrigation has proven to be an efficient agricultural water management practice that optimises both water and nutrient use while maximising output. The crop water requirement of okra was estimated to be 257.2 mm/dec. The study revealed that cow dung applied at 75% CWR significantly enhanced plant height (27.5–30.5 cm), while SHD at 100% CWR resulted in a high number of leaves (23.2–27.5 leaves). The highest fruit weight (12.5–13.6 g) was observed in pots treated with CWD at 100% CWR. Notably, SHD also improved pod diameter, length, and fruit number across all irrigation levels, with the highest pod count (13 fruits/plant) recorded at 50% CWR. The study shows that organic fertiliser use, especially cow dung and sheep droppings, improves okra growth and yield, and that combining this with deficit irrigation can help conserve water while maintaining high productivity. This approach is especially useful for okra farming in water-scarce areas.
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INTRODUCTION
Okra (Abelmoschus esculentus (L.) Moench), an annual herb belonging to the Malvaceae family (Bello & Aminu, 2017; Farhan & Sugirtharan, 2023), is popularly referred to as Lady’s finger (Akhter, 2020). It holds significant commercial importance as a summer vegetable cultivated primarily in tropical and subtropical regions worldwide. Commonly referred to as lady finger or Bhindi, it is a staple crop during the summer and rainy seasons, particularly prominent in India.  Belonging to the Malvaceae family, okra is distinguished by its vibrant and showy flowers.  The bulk of okra cultivation, approximately 99%, is concentrated in developing nations across Asia and Africa. With an estimated global production of   9.96 million tons, India stands as the leading producer of okra, contributing over 72% to the global output (Singh & Pandey, 2024; Singh & Nigam, 2023). It is a multi-use vegetable grown for its edible parts and functional properties. It has a broad range of applications due to the utilisation of its leaves, buds, pods, seeds, flowers, and stems (Hygienus, 2025). The tender pods, for example, are of immense nutritional benefit in making soups, salads, stews, and can even be consumed fresh, dried, or in fried forms (Ndunguru & Rajabu, 2004).
Okra, originating in Ethiopia and propagated in North Africa, the Mediterranean, Arabia, and India, is of great economic importance in the subtropical regions of the world. As food, okra can be eaten fresh or cooked and used as an additive in soups, salads, and stews. Okra fruit has a high moisture content, is rich in nutrients, and is a great source of vitamins and minerals. Carbohydrates are present in okra mainly in the form of mucilage, commonly applied in different industrial segments and for medicinal purposes (Dantas et al., 2021). Okra is usually grown throughout West Africa and has recently spread to America, Southern Europe, and some other countries. As a result of its laxative qualities, it has found wide use in medicinal applications (Iyagba, 2012). Abd El-Kader et al. (2010) reiterated that it is an important part of the human diet, supplying protein, carbohydrates, vitamins, minerals, and fats. It is also widely known for providing dietary fibre, potassium, calcium, iron, zinc, and magnesium (Kumar et al., 2017). These nutritional components give okra anti-inflammatory, hypolipidemic, antioxidant, hypoglycemic, and other medicinal functions (Farhan & Sugirtharan, 2023; Liu et al., 2021). Due to its high nutritive value, okra is a highly priced crop. In addition, matured okra fruits and stems have been found to harbour crude fibre, which is utilised in paper industries (Unagwu & Ayogu, 2022). Okra has also proven to be a profitable crop, serving as extra revenue for farmers, as reported by(Ekunwe et al., 2018).
Despite the many beneficial properties associated with okra, its growth performance and yield are usually hampered by poor soil fertility and inconsistent water availability, especially during the dry season. Although inorganic fertilisers and conventional irrigation methods have been used to address these issues, they often result in problems such as nutrient leaching, high cost of production, soil degradation, and environmental pollution.
The scarcity of water, especially in arid and semi-arid regions, is increasing daily (Mahmoudi et al., 2020; Wakchaure et al., 2023). A major challenge currently facing the agricultural sector is the absence of fresh water, which limits food production (Mahmoudi et al., 2020; Sharma et al., 2016). Since food production is largely dependent on water availability, agriculture remains the world’s largest consumer of water. In this vein, water happens to be the most important factor limiting agricultural productivity (Farhan & Sugirtharan, 2023; Yakubu et al., 2020). Drip irrigation has proven to be an efficient agricultural water management practice that optimises both water and nutrient use while maximising output (Kareem et al., 2023; Mahmoudi et al., 2020).
Irrigation practice in okra production plays a vital role in boosting yields, especially during the dry season, as long sunny days help plants manufacture more food through the process of photosynthesis (Adeogun, 2017; Farhan & Sugirtharan, 2023).
The application of organic amendments has proven to be an economical, environmentally friendly, and agronomically sound approach for improving agricultural sustainability (Sarma & Gogoi, 2015). As a way of reducing the increasing negative environmental impacts resulting from excessive use of chemical fertilisers, organic farming practices have become more widely adopted (Akhter, 2020). Organic amendments such as sheep droppings, compost (Amissah, 2015), and cow dung are readily available, easily produced within the local environment, and promote okra growth and yield. They are also cost-effective, environmentally friendly, and have the capacity to improve the soil’s water-holding capacity, cation exchange capacity, and nutrient availability while reducing soil bulk density—thus contributing to overall improvement in soil health (Akhter, 2020).
Limited data, however, exist on the combined effects of different organic amendments under varying irrigation regimes. Organic manures have also been confirmed to increase organic matter content, which is a key indicator of soil quality (Unagwu & Ayogu, 2022). That is, organic manure application can impact the chemical, physical, and biological properties of the soil (UNAGWU, 2019). Organic manure also serves as a good source of nitrogen, phosphorus, potassium, and other micronutrients (Okubena-Dipeolu et al., 2015). Amhakhian & Blessing (2016) confirmed that the use of different animal manures greatly influenced okra growth and yield.
MATERIALS AND METHODS
2.1. Experimental Site
The pot experiments were conducted at the WACWISA research field (Figure 1), Nyankpala Campus of the University for Development Studies in Ghana. It is located in the Guinea Savannah Ecological Zone of Ghana at a latitude 9o24’39’’N and longitude 0o58’52’’W with an altitude of 161 meters above mean sea level, as presented. The study area has wet and dry seasons, with a monomodal rainfall of approximately 1000 to 1200 mm. The wet season runs for about 140 – 190 days from May to October, with a peak between August and September. The dry season usually lasts from November to March with daytime temperatures ranging from 32 - 42 ºC and nighttime temperatures ranging from 20 – 22 ºC. The soil in the area, according to the Ghana soil classification, is savanna ochrosols with granite, sandstone and shale as parent materials, with subsoil classification as loamy sandy (Adjei-Gyapong & Asiamah, 2002). According to FAO-UNESCO (1988), the soils in the area are linthic acrisols of the Ferric Luvisols series, Paleustults with the USDA soil taxonomy.

[image: study Map2]
Figure 1: Map of Ghana Showing Tolon District and the Experimental Site
2.2. Experimental Design and Treatments
The experiment was carried out for two (2) seasons: wet (19th July – 20th October 2022) and dry season (24th October – 26th January 2023). The pots were arranged in a 3 x 4 factorial Randomised Complete Block Design (RCBD) with three (3) replications. The treatments were drip irrigation regimes of 50% Crop Water Requirement (CWR), 75% CWR, and 100% CWR in combination with three (3) organic fertilisers: cow dung (CWD), sheep droppings (SHD), and organic compost (CMT), with no fertiliser (CTR) as a control. Okra plants were grown in pots with soil physical and chemical characteristics as shown in Table 1a and b, and field weather parameters as shown in Table 2, respectively, while adhering to cultural practices including irrigation, weeding, and insect-pest control.


Table 1: Soil physical and chemical Properties
	Soil Physical Property
	Values
	
	Soil Chemical Property
	Values

	% Sand
	76.2
	
	Organic carbon (mg/kg)
	11,895

	% Silt
	20.28
	
	Total Nitrogen (mg/kg)
	1,096

	% Clay
	3.52
	
	Available P (mg/kg)
	7.44

	Textural Class 
	Sandy loam
	
	K (mg/kg)
	88

	Field Capacity (%)
	19.6
	
	Ca (mg/kg)
	28,056

	Permanent Wilting Point (%)
	9.1
	
	Mg (mg/kg)
	7,293

	Bulk Density (g/cm3)
	1.30
	
	pH (1:2.5)
	6.18

	Available Water (%)
	10.5
	
	EC (µS/cm)
	79.9


(a) 								(b)
Table 2: Weather Parameters
	Month
	Rainfall (mm)
	Tmin(°C)
	Tmax (°C)
	RHmean (%)
	Wind Speed (Km/h)

	Jan
	0.00
	19.4
	35.39
	37.06
	2.21

	Feb
	0.00
	23.65
	37.82
	41.21
	1.85

	Mar
	5.74
	27.26
	37.58
	58.13
	2.55

	Apr
	21.63
	25.55
	34.21
	72.00
	2.96

	May
	12.55
	25.32
	32.89
	76.40
	1.65

	Jun
	18.94
	23.97
	32.00
	82.70
	1.24

	Jul
	14.4
	23.78
	29.51
	88.24
	1.64

	Aug
	25.31
	23.13
	28.69
	85.34
	1.60

	Sep
	17.53
	23.53
	28.79
	84.02
	0.96

	Oct
	11.08
	23.64
	31.37
	84.74
	0.87

	Nov
	0.00
	22.19
	35.08
	78.33
	0.99

	Dec
	0.00
	19.97
	35.31
	76.53
	1.30











2.3. Cultivation and Plant Management
Okra seeds were directly sown into polyethene pots filled with 12 kg of soil. Organic fertilisers (cow dung, sheep droppings, and compost) were incorporated into the soil 3-4 days before sowing at a rate equivalent to 60 t/ha. The chemical properties of the organic fertilisers used are presented in Table 3. Two weeks after germination, thinning was carried out to ensure one healthy plant per pot. Irrigation treatments were initiated after establishment. The crop water requirement (CWR) for Okra was estimated using CROPWAT 8.0 software. The calculated CWR and deficit regimes are presented in Table 4. 
Table 3: Chemical properties of the organic fertilisers
	Properties
	       Cow Dung
	Sheep Droppings
	Compost

	pH (1:2.5)
	             9.82
	         10.06
	           8.11

	Total organic C (%)
	22.62
	31.98
	12.48

	Total N (%)
	2.1038
	2.976
	1.154

	Total P (mg/kg)
	2580
	4020
	2360

	Total K (mg/kg)
	36100
	38100
	7000

	Ca (Cmol+/kg)
	2.6
	3.2
	1.8

	Mg (Cmol+/kg)
	1.8
	1.6
	1.2



Table 4: Okra Crop Water Requirement
	Month
	Stage
	Kc
	CWR/100% Irr. Req
	75% Irr.Req
	50% Irr.Req
	CWR
	75% Irr. Req
	50% Irr.Req

	
	
	Coeff
	mm/dec
	
	
	mm/day
	mm/day
	mm/day

	Nov
	Init
	0.2
	9.2
	6.9
	4.6
	0.92
	0.69
	0.46

	Nov
	Deve
	0.33
	15.5
	11.63
	7.75
	1.55
	1.16
	0.78

	Nov
	Deve
	0.58
	25.5
	19.13
	12.75
	2.55
	1.91
	1.28

	Dec
	Deve
	0.82
	34.5
	25.88
	17.25
	3.45
	2.59
	1.73

	Dec
	Mid
	0.96
	38
	28.50
	19
	3.8
	2.85
	1.9

	Dec
	Mid
	0.96
	41.9
	31.43
	20.95
	3.81
	2.86
	1.91

	Jan
	Late
	0.95
	37.9
	28.43
	18.95
	3.79
	2.84
	1.90

	Jan
	Late
	0.91
	36.2
	27.15
	18.1
	3.62
	2.72
	1.81

	Jan
	Late
	0.87
	18.6
	13.95
	9.3
	3.71
	2.78
	1.86

	
	
	
	
	
	
	
	
	

	Total
	
	
	257.2
	192.98
	128.65
	
	
	



2.3. Data Collection and Analysis
Plant growth parameters were measured throughout the experimental period. Weekly assessments included green leaf chlorophyll intensity using a SPAD chlorophyll meter (SPAD-502 plus, Konica Minolta), and the number of leaves by manual count. Canopy diameter was measured a week before harvest. At harvest, data on plant height, stem girth, number of pods, fresh and dry weight of above-ground biomass, and root biomass were recorded. Data were arranged using Microsoft Excel (2019) and subjected to Analysis of Variance (ANOVA) using Minitab 21 at a 5% significance level.


3.0 Results and Discussion
3.1 Growth Parameters
3.1.1 Plant Height
The rainy season experiment results indicated an ANOVA with no significant difference (p > 0.05), whilst in the dry season, ANOVA showed that the effect of organic soil amendment had a significant difference on plant height of okra at 3 WAP (p < 0.016), and 7 WAP (p < 0.034) (Table 5). As presented in Table 5, at 3 WAP average plant height ranged from 10.94 to 13.94 cm with the least recorded in the pots treated with sheep droppings and highest recorded in the pots treated with cow dung, at 7 WAP, mean plant height ranged from 23.89 to 27.89 cm, with the least recorded in the control pot and the highest recorded in the pot treated with cow dung. ANOVA results revealed that there was a significant difference (p = 0.002) in the effect of irrigation regimes on plant height of okra at 5 WAP. The tallest plants of 21.17 cm were recorded at 100 % CWR, 19.15 cm at 75 % CWR, while the smallest 17.67 cm was recorded in the 50 % CWR (Figure 2). The interaction between irrigation regimes and organic soil amendment was not statistically significant throughout the dry season experiment (p > 0.05). At 8 WAP, 100% CWR recorded the tallest plants at 28.33 cm in the pots treated with compost, at 75 % CWR, the tallest plants were 29 cm in the pots treated with cow dung, while at 50 % CWR, the tallest plants of 27.67 cm were recorded in the pots treated with sheep dropping. 
Table 5: Effect of Organic Fertilizer on Okra’s plant height at 3 and 7 WAP (Dry Season)
	Organic fertilizers
(Treatments)
	3 WAP (cm)
	Weeks
7 WAP (cm)

	CTR
	12.11 b
	23.89 b

	CMT
	11.72 b
	26.11 ab

	CWD
	13.94 a
	27.89 a

	SHD
	10.94 b
	26.44 ab

	p-value
	0.016
	0.034





Figure 2: Effect of Irrigation Regimes on Plant Height at 5 WAP
(Means that do not share a letter are significantly different)
3.1.2 Stem Girth
ANOVA results for the rainy season showed a significant difference (p = 0.025) at 5 WAP for stem girth, and with stem girths presented in Figure 3. Also, ANOVA in the dry season indicated that the effect of organic soil amendment had a significant difference on the stem girth of okra at 6 WAP (p = 0.016), and 7 WAP (p = 0.011) (Table 6). ANOVA results showed that the effect of irrigation regimes had a significant difference on stem girth of okra at 2 WAP (p = 0.001), 4 WAP (p = 0.008), 5 WAP (p < 0.001) and 6 WAP (p = 0.002) Table 6. The results of the interactive effect of irrigation regimes and organic soil amendment showed a significant difference in stem girth of okra at 2 WAP (p = 0.002). 100 % irrigation regime recorded a stem girth of 3.37 mm in the pots with no organic soil amendment, and at 75 % CWR irrigation regime, stem girth of 3.86 mm was recorded in the pots treated with cow dung, whilst at 50 % CWR irrigation regime the stem girth was 2.81 mm and in the pots with no organic fertiliser treatment (Table 6).


Figure 3: Effect of Irrigation Regimes on Stem Girth at 5 WAP (Wet Season)



Table 6: Effect of Organic Fertilizer on Stem Girth at Dry season Experiment
	Organic fertilizers
(Treatments)
	6 WAP (mm)
	7 WAP (mm)

	CTR
	6.11b
	6.95b

	CPT
	7.05a
	8.08a

	CWD
	6.97ab
	7.88ab

	SHD
	7.59a
	8.59a

	p-value
	0.016
	0.011

	
	
	
	
	

	Treatments
Irrigation Regimes (CWR)
	2 WAP (mm)
	4 WAP (mm)
	5 WAP (mm)
	6 WAP (mm)

	100 %
	3.03a
	5.63a
	6.86a
	7.59a

	75 %
	3.15a
	5.48a
	6.32a
	7.10a

	50 %
	2.57b
	4.65b
	5.25b
	6.10b

	p-value
	0.001
	0.008
	<0.001)
	0.002

	
	
	
	
	

	
	2 WAP

	OF* IR 
	Organic fertilizers

	(Irrigation Regimes (CWR)
	CTR
	CPT
	CWD
	SHD

	50%
	2.81 bcd
	2.77 cd
	2.53 de
	2.16e

	75%
	2.84 bcd
	2.54de
	3.86a
	3.34abc

	100%
	3.38 ab
	3.03 bcd
	2.79bcd
	2.93 bcd

	p-value
	
	
	0.002
	


OF: Organic Fertilizer, IR: Irrigation Regimes, CTR: Control, CPT: Compost Fertilizer, SHD: Sheep dropping Fertilizer, CWD: Cow Dung Fertilizer. *Means that do not share a letter are significantly different.


3.1.3	Number of Leaves
At the end of rainy season experiment, ANOVA results showed that there was no significant difference (p > 0.05) throughout the season. At 8 WAP mean number of leaves ranged from 10.76 to 17.39, with the least recorded in the plant treated with cow dung and highest recorded in the plants with no organic soil amendment. The dry season experimental results using ANOVA showed that the effect of organic soil amendment had significant difference on okra’s number of leaves at 6 WAP (p < 0.005) with mean number of leaves ranging from 11.33 to 16.00 and with the least recorded in the control pots and highest recorded in the pots treated with sheep droppings. ANOVA results showed significant difference (p = 0.008) on the effect of irrigation regimes on okra’s number of leaves at 6 WAP. The mean highest number of leaves of 16.42 was recorded in 100 % CWR whilst 75 % and 50 % CWR recorded the same mean number of leaves 13.25 (Table 7). The interaction between irrigation regimes and organic soil amendment was not statistically significant throughout the dry season experiment (p > 0.05). At 8 WAP, 100 % CWR recorded the highest number of leaves 25.33 in the pots treated with sheep droppings at 75 % CWR the highest number of leaves of 23.67 was recorded in the pots treated with cow dung, while at 50 % CWR recorded the highest number of leaves of 23.00 in the pots treated with compost.


Table 7: Effect of Organic Fertilizer and Irrigation Regimes on Number of Leaves of Okra
	Organic fertilizers
(Treatments)
	
6 WAP 

	CTR
	11.33b

	CPT
	14.56a

	CWD
	15.33a

	SHD
	16.00a

	p-value
	0.005

	Irrigation Regimes
	

	50 % CWR
	13.25b

	75 % CWR
	13.25b

	100 % CWR
	16.42a

	p-value
	0.008



 






3.1.4 Chlorophyll Content
ANOVA of results at the end of the rainy season showed no significant difference (p > 0.05), but at 8 WAP, the mean chlorophyll content ranged from 32.4 to 44.4 spad, with the least recorded in the pots treated with cow dung and the highest recorded in the control pot. Also, ANOVA in the dry season showed that the effect of organic fertiliser had no significant difference (p > 0.05) on chlorophyll content. At 8 WAP, however, mean chlorophyll content ranged from 36.7 to 40.66 spad, with the least recorded in the pots treated with sheep dropping and the highest recorded in the pots treated with compost. 
For ANOVA on the effect of irrigation regimes, significant difference in chlorophyll content of Okra was recorded at 5 WAP (p = 0.001), 6 WAP (p = 0.008), 7 WAP (p < 0.001) and 8 WAP (p = 0.002) (Table 8). The interactive effect of irrigation regimes and organic soil amendment had no significant difference (p > 0.05) on chlorophyll content of okra throughout the season, at 8 WAP of 100 % CWR recording the highest chlorophyll content of 38.1 spad in the pots treated with sheep dropping, at 75 % CWR irrigation regime the plants treated with compost had the highest chlorophyll content 40.5 spad while at 50 % CWR irrigation regime the highest chlorophyll content of 47.2 spad was recorded in the plants with no organic soil amendment.
Table 8: Effect of Irrigation Regimes on Chlorophyll Content of Okra
	Irrigation Regimes
(Treatments)
	
5 WAP (spad)
	
6 WAP (spad)
	Weeks
7 WAP (spad)
	Weeks
8 WAP (spad)

	50 % CWR
	60.63a
	59.70a
	72.41a
	43.18a

	75 % CWR
	58.92a
	55.34a
	59.22a
	38.28ab

	100 % CWR
	43.85b
	41.18b
	39.45b
	34.88b

	p- value
	0.003
	< 0.001
	0.001
	 0.008


WAP: Weeks After Planting. *Means that do not share a letter are significantly different
[bookmark: _Toc142543652]3.1.5	Leaf Area Index
At the end of the rainy season experimental period, ANOVA results showed that there was no significant difference (p > 0.05) in the treatments, whilst in the dry season, there was a significant difference (p < 0.015) in leaf area index at 6 WAP. Mean leaf area index at 6 WAP ranged from 0.81 to 1.5 in the dry season, whilst in the rainy season it ranged from 1.31 to 3.06 (Figure 4). 
ANOVA on the effect of irrigation regimes recorded a significant difference in leaf area index of okra at 4 WAP (p = 0.029), 5 WAP (p = 0.001), and 6 WAP (p = 0.002) as presented in Table 9. The interactive effect of irrigation regimes and organic soil amendment had no significant difference (p > 0.05) on the leaf area index of okra throughout the seasons. At 8 WAP 100 % CWR irrigation regime, the highest leaf area index of 2.85 was recorded in pots treated with sheep droppings whilst at a 75 % CWR irrigation regime, the pots treated with cow dung had the highest leaf area index of 2.47, and at 50 % CWR, the highest leaf area index of 1.83 was recorded in the pots treated with compost.  

Figure 4: Effect of Organic Fertilizer on Leaf area Index of Okra
CTR: Control, CPT: Compost Fertilizer, SHD: Sheep dropping Fertilizer, CWD: Cow Dung Fertilizer. *Means that do not share a letter are significantly different

Table 9: Effect of Irrigation Regimes on Leaf Area Index of Okra 
	Irrigation Regimes
(Treatments)
	
4 WAP
	Weeks
5 WAP 
	
6 WAP 

	50 % CWR
	0.365b
	0.574b
	0.915b

	75 % CWR
	0.55ab
	0.861b
	1.218b

	100 % CWR
	0.633a
	1.219a
	1.674a

	p- value
	0.029
	0.001
	0.002












WAP – Weeks After Planting. *Means that do not share a letter are significantly different

Organic fertilisers increase the level of organic carbon in the soil and increase soil aeration that influences the root development and growth parameters of plants (Zhao et al., 2019). The effect of organic fertilisers was noted to be positive at different stages of plant growth, i.e. plant height, leaf area and leaf area index. (Mndzebele et al., 2019) studied the effect of kraal manure application rates on the growth of wild okra, and reported that the plants applied with 60 t/ha recorded the highest vigour in terms of plant height, leaf area and leaf area index. The sheep droppings organic fertiliser also gave a positive result in both seasons, it recorded the highest in the number of leaves of okra and the second highest in most of the growth parameters in the dry season. The result agreed with the of Tiamiyu et al. (2012), who also reported the effect of sheep droppings as recording the highest growth parameter after poultry waste
3.2 Crop Yield
Effect of Organic Soil Amendment and Irrigation Regime on Yield Parameters of Okra
3.2.1 [bookmark: _Toc142543655]Fruit Weight



ANOVA recorded no significant difference (p > 0.05) in fruit weight of okra at the end of the rainy season experiment, but there was a significant difference (p < 0.0001) at the end of the dry season. The fruit weight in the rainy season ranged from 15.28 to 17.53 g, whilst in the dry season it was from 8.86 to 10.73 g, as shown in Figure 5. Irrigation regimes were significantly different (p < 0.0001) in the fruit weight of okra in the dry season. Figure 6 presents the fruit weights for the various irrigation regimes, whilst Figure 7 presents the interactive effects of organic soil amendment and irrigation regimes




Figure 5:  Effect of Organic Fertilizer on Fruit Weight (Dry Season)			Figure 6;  Effect of Irrigation Regimes on Okra Fruit Weight.


Figure 7;  Interactive effect of Irrigation Regimes and Organic Fertilizer on Okra Fruit Weight.  
*Means that do not share a letter are significantly different
Effect of Organic Fertilizer, Irrigation and Interaction on Okra Fruit Weight

[bookmark: _Toc142543656]4.13.2	 Fruit Diameter
The effect of organic fertiliser on okra fruit diameter was significantly different (p = 0.011) in the rainy season and the dry season from the ANOVA. Mean fruit diameter ranged from 15.90 to 21.91 mm in the rainy season and from 15.99 to 18.41 mm in the dry season (Figure 8). 
The effect of irrigation regimes showed a significant difference (p < 0.0001) on the fruit diameter of okra in the dry season, and the interactive effect of organic soil amendment and irrigation regimes on fruit diameter also showed a significant difference (p < 0.0001). Figure 9 presents the fruit diameter and the irrigation regimes of the experiment.

Figure 8: Effect of Organic Fertilizer on Okra Fruit Diameter


Figure 9: Effect of Irrigation Regimes on Okra Fruit Diameter

Figure 10: Interactive effect of Irrigation Regimes and Organic Fertilizer on Okra Fruit Diameter.
Effect of Organic Fertilizer, Irrigation and Interaction on Okra Fruit Diameter
CTR – Control, CMT – Compost, CWD – Cow dung, and SHD – Sheep droppings *Means that do not share a letter are significantly different
[bookmark: _Toc142543657]4.13.3	 Fruit Length
[bookmark: _Hlk136864740]There was a significant difference (p = 0.001) for pod length at the end of the rainy season, with mean pod length ranging from 7.58 to 9.57 cm, and the shortest length was recorded in the control pot, and the longest length was recorded in the compost-amended pot. At the end of the dry season, ANOVA results showed that organic soil amendment on okra pod length was statistically significantly different (p = 0.006) with a pod length ranging from 5.96 to 6.73 cm (Figure 11). Irrigation did not affect pod length significantly at (p > 0.05) in the dry season. 100 % CWR irrigation regime recorded the longest pod length of 6.4 cm, followed by 6.26 cm at 75 % CWR and 50 % CWR as 6.11 cm. The interactive effect of organic fertiliser and irrigation regimes on pod length also showed a significant difference (p < 0.004). Figure 12 presents the relationship between irrigation regime and pod length for the experiments.

Figure 11: Effect of Organic Fertilizer on Fruit Length

  

[bookmark: _Toc134793371]Figure 12: Interaction of Organic Fertilizer and Irrigation Regime on Okra’s Fruit Length
	
Effect of Organic Fertilizer, Irrigation and Interaction on Okra Pod Length
[bookmark: _Toc142543658]4.13.4	 Number of Fruits per Plant
The effect of organic soil amendment on the number of fruits per plant at the end of the rainy and dry seasons indicated an ANOVA result with no significant difference (p > 0.05). Mean fruit number ranged from 5.11 to 5.89 in the rainy season and 8.11 to 9.00 in the dry season (Table 10).  Significant difference (p < 0.001) was recorded on the effect of irrigation regimes on the number of okra pods (Figure 13). The interactive effect of organic soil amendment and irrigation regimes on pod number also showed a significant difference (p < 0.001), with the detailed interactive effect of each treatment presented in Figure 14.


Table 10: Effect of Organic Fertilizer on Okra Fruit’s Number during the First and Second Season
	Organic Fertilizer
(Treatments)
	Rainy Season
	Dry Season

	CTR
	5.88a
	8.11a

	CPT
	5.44a
	9.00a

	CWD
	5.11a
	8.78a

	SHD
	5.44a
	8.67a

	p- value
	0.285
	0.253




Figure 13: Effect of Irrigation Regimes on Okra’s Fruit Number
 
Figure 14: Interaction of Organic Fertilizer and Irrigation Regime on Number of Fruit per Okra Plant
(Means that do not share a letter are significantly different)

Effect of Irrigation Regimes and Interaction on Okra Fruit Number

Okra fruit diameter, length, weight, and number of fruits per okra plant are important parameters in measuring okra fruit attributes and yield. In both seasons of the experiment, the results indicated that organic soil amendment affected the yield and growth parameters of okra with a significant difference recorded through ANOVA. The contribution to the increase in organic carbon resulting from the incorporation of organic material was noted to affect the growth parameters. Similar results were obtained by (Tiamiyu et al., 2012)) using cow dung and sheep droppings as the second highest effective organic fertiliser after poultry waste on pod parameters. (Akanbi et al., 2010)) also reported that compost application to the okra plant has a significant influence on its fruit number and fruit yield.
[bookmark: _Toc142543659]4.14	Okra Yield per Hectare
No significant difference was recorded at p < 0.05 on the yield of okra in the rainy season, whilst the dry season recorded a significant difference (p =0.001) in the treatments. Mean yield ranged from 1.99 to 2.48 t/ha in the rainy season and 1.79 to 2.33 t/ha in the dry season (Figure 15). Irrigation regimes recorded a significant difference (p = 0.007) in okra yield, and the various yields as affected by irrigation regimes are presented in Figure 16. There was a significant difference in the interactive effect of organic soil amendment and irrigation regimes from ANOVA at p = 0.029. Figure 17 presents the irrigation regimes and the yield per treatment of the experiments.
The experiment was affected by white fly infestation, thus affecting and resulting in low crop yield, as it even resulted in crop death. White flies are a substantial pest of the okra crop and can cause severe damage to okra plants and can reduce the yield ((Akbar et al., 2011; Athar et al., 2011). (Akanbi et al., 2010)), reported yield increased in okra from the application of compost, whilst(Mndzebele et al., 2019)) recorded 60 tons/ha from the application of kraal manure

Figure 15: Effect of Organic fertilizer on Okra’s Yield					Figure 16: Effect of Irrigation Regimes on Okra’s Yield
 


Figure 17: Interaction of Irrigation Regimes and Organic Fertilizer Application on Okra Yield
Effect of Irrigation Regimes, Organic Fertilizers and Interactions on Yield of Okra 
*Means that do not share the same letter are significantly different* CTR – Control, CPT – Compost, CWD – Cow dung, and SHD – Sheep dropping
Conclusions 
The application of organic fertiliser appears to impact the growth and yield of okra; however, the compost fertiliser-treated okra produced more than the other compared organic materials. The okra treated with both cow dung and compost has higher qualities in terms of length, diameter and weight. The importance of efficient water supply cannot be overemphasised, generally, the 100% CWR water supply has a good yield; however, in a water-scarce environment, 50% CWR water application with sheep and compost produced a relatively good yield.  
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