EFFECT OF DIFFERENT PARENT MATERIALS ON GROWTH AND YIELD OF OKRA (ABELMOSCHUS ESCULENTUS)  IN UNWANA-AFIKPO, SOUTH EAST NIGERIA


Abstract 
[bookmark: _Hlk200648713]The study was conducted to assess the effect of different parent materials on growth and yield of okra (Abelmoschus esculentus) in Unwana South East, Nigeria. Four parent materials were selected: sandstone, coastal plain sand, shale and alluvium. Three farms were randomly selected in each parent material and composite samples collected from each farm at two different depths (0-20 and 20-40cm) using soil Auger. The soil samples were analyzed in the laboratory for selected physical and chemical properties following standard methods. Pot experiment was laid out as 4×2 factorial experiment in completely randomized design where three seeds of Okra (Abelmoschus esculentus) var. otukwuru omia obtained from local farmers were sown in each bucket and later thinned down to two after germination. Plant height, number of leaves, number of flowers, number of fruits and weight of fruits were measured. Data collected from the study were subjected to two-way Analysis of variance (ANOVA) using Genstat 12 and the significant means separated using Fishers Least Significant Difference (F-LSD). Results revealed that soils generally showed moderate (pH = 5.6-6.0) to strongly acidic (pH <5.5). Soils also differed significantly in their Available P, Calcuim, Magnessium, potassium, Sodium, EA and BS contents. Alluvium soil recorded the highest values of Organic matter (2.64 %), AP (14 mg/kg), total nitrogen (0.13 %) Calcium (4.87 cmol/kg), Magnessium (2.0 cmol/kg), potassium (0.26 cmol/kg) and BS (80.59 cmol/kg) and the least values were recorded in sandstone. Tallest plants (42.45cm), heaviest fruits (22.56g), greater number of leaves (6.78) and flowers (4.89) were also observed in soil developed from alluvium. This study revealed that soil developed from alluvium consistently showed higher values of OM, Ca, Mg, K, Na, EA and BS contents which significantly differed from soil developed from other parent materials. This meant better nutrient availability, resulting in observed higher okra growth and productivity. The study recommends regular soil testing to ascertain soil fertility status, sustainable maintenance of alluvium soils and proper management of coastal plain sand, shale and particularly sandstone for greater crop productivity.
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INTRODUCTION

Soils exhibit tremendous variability in their biological, chemical and physical properties (Ndukwu et al., 2015) and these properties are closely related to their parent materials (Esu, 2010). Soil parent materials are considered as geological or organic precursors to the soil whose composition has direct impact on the physical, chemical, morphological, biological and mineralogical characteristics of soils (Brady and Weil, 2012) and hence soil fertility. Soils of South-eastern Nigeria are formed from diverse parent materials (Onweremadu et al., 2007). They are known to have developed from four parent materials including sandstone, Alluvium, Coastal plain sand and Shale as Akamigbo and Asadu (1985) stated that over 80% of eastern Nigeria is of sedimentary geologic deposits made up of shales, coastal plain sands, false bedded sandstones and alluvium. Soils formed on coastal plain sand and sandstone occupy most of Imo, Abia and Akwa Ibom States, a reasonable part of Rivers, Bayelsa States and a little of Cross River State. These soils are usually acidic, have low CEC, low base saturation and low fertility status (Okunami, 1981). Soils formed on shale are reddish-brown and gravely. They have high clay content, poorly drained, acidic with high exchangeable cations but are generally fertile. The soils derived from sandstones and coastal plain soils are usually sandy, strongly acidic with pH value ranging from 4.1 to 5.5 with high organic carbon (Ibia 2011) and often nutrient poor but well drained. Alluvium soils are young, fertile and well drained soils formed from river deposits.
Vegetable is one of the human diets providing dietary requirements of nutrients (Vincent et al., 2018) as well as an inexpensive source of energy and other essential nutrients. They are widely used for culinary purposes (Ononamadu et al., 2019) and a good number of the vegetables are eaten raw. Vegetables are among the staple food components whose production has continued to increase (Udoh and Akpan, 2007). Kebede and Gan (1999) reported that the main sources of farm income for small and limited resource farmers are basically arable crop production, vegetables and non-vegetable crops. Okra (Abelmoschus esculentus (L) Moench) is among the most commonly cultivated and consumed vegetable throughout Nigeria. Its cultivation and production has been widely practiced because of its importance to economic development. Okra contains valuable food ingredients, a source of calories (about 4550kcal/kg) (Akintokun et al., 2019), and a means of income for farmers. Okra is however sensitive to soil and climatic conditions.
At present, there is a demand driven increase in the production of vegetables among smallholder farmers. However, Soil properties particularly those derived from different parent materials significantly influence crop performance. This study is therefore aimed to determine the performance of okra in different parent materials in Unwana, Afikpo. 
Objectives of the Study
The broad aim of the study is to assess the effects of contrasting parent materials on growth and yield of okra while the specific objectives are to determine:
1. the chemical properties of soils of contrasting parent materials
2. the effects of parent materials on growth of okra (Abelmoschus esculentus)
3. the effects of parent materials on yield of okra (Abelmoschus esculentus)
4. interaction between soil depth and parent material on okra performance
MATERIALS AND METHODS
Study Area
The study was carried out in South East Nigeria and it lies between latitudes 4o20’ and 7o25’N and longitudes 5o25’ and 9o51’E (Njoku et al., 2006). It consists of Abia, Anambra, Ebonyi, Enugu and Imo States and occupies a land mass of about 12% of the total land area of Nigeria (Odurukwe et al., 1995). In these areas, temperatures are high and change slightly during the year (mean daily temperature about 27oC). The rainy season begins in April and lasts until October with annual rainfall ranging from 1500 to 2200mm with mean annual relative humidity of about 75%, and humidity reaching 90% in the rainy season. The dry season experiences two months of harmattan from late December to late February. Vegetation stretches from mangrove swamp in the coast through rainforest to derived savanna in the interior. According to Okorie and Okpala, (2000), the vegetation is essentially secondary forests tending towards derived savannah because of population pressure and repeated annual bush burning.  The dominant vegetation is characterized by tree shrubs with abundant palm trees particularly in the southern and central zones of the area. Most of the vegetation is ever-green while some are deciduous. According to Njoku et al., (2006), the vegetation is a mixture of eastern prototypes comprising of semi-savannah grassland with forest and swamps. Agriculture is a major socio-economic activity in the study area. The cash crops include oil palm, raffia palm, rice, groundnut, melon, cocoa, rubber, maize etc. Food crops such as yam, cassava, cocoyam, plantain and maize are also produced in large quantities. With high population density and continuous farming, the soil has been degraded and much of the native vegetation has disappeared.
Soils of the Area
Soils of this area belong to the order “Ultisol” and are classified as typic Hapludult (Federal Department of Agriculture and Land Resources, 1985; Nwaogu and Ebeniro, 2009). The chemical characteristics of the soils tend to reflect the nature of the parent materials. The soils of these areas are known to have developed from four parent materials including sandstone, alluvium, coastal plain sand and shale as Akamigbo and Asadu (1985) stated that over 80% of Eastern Nigeria is of sedimentary geologic deposits made up of shales, coastal plain sands, false bedded sandstones and alluvium. 
Soils formed on coastal plain sand and sandstone occupies most of Imo, Abia and Akwa Ibom States, a reasonable part of Rivers, Bayelsa States and a little of Cross River State. These soils are usually acidic, have low CEC, low base saturation and low fertility status (Okunami, 1981). Soils formed on shale are reddish-brown and gravely. They have high clay content, poorly drained soil, acidic with high exchangeable cations, are generally fertile and are seen in Afikpo, Abakaliki and Bende areas. Farming, trading, Stone mining/quarry and palm wine tapping constitutes the major socio-economic activities of people of the study area.
Soil Sampling
A reconnaissance visit was made prior to soil sampling at each of the study locations to identify and interact with farmers, farm households and possible sampling fields. Four parent materials were selected for this study and their locations are as follows: sandstone (Ohafia, Abia State), coastal plain sand (Umuahia, Abia State), shale (Afikpo, Ebonyi State) and alluvium (Oguta, Imo state). Three farms were randomly selected in each parent material and composite samples collected from each farm at two different depths (0-20 and 20-40cm) making a total of 24 samples using soil Auger.  The soil samples collected were air dried, crushed and sieved through a 2mm sieve, then bagged and labeled accordingly and analyzed in the laboratory for particle size distribution and chemical properties according to standard methods.

Experimental Design
10kg of each of the soil samples was placed in 12L capacity buckets and the buckets were perforated at the bottom and placed in a screen house in unwana-Afikpo. The experiment was laid out as a 4×2 factorial experiment in completely randomized design. 4 levels of factor A (parent material); shale, alluvium, sandstone and coastal plain sand and two levels of factor B (Soil Depth)- 0-20cm and 20-40cm making a total of 8 treatment observations replicated thrice giving a total of twenty four (24). Seeds of Okra (Abelmoschus esculentus) var. otukwuru omia were obtained from local farmers and three seeds sown in each bucket and later thinned down to two after germination. The pots were monitored and the following growth and yield parameters measured.
i. Plant Height (cm): The height of each plant in the bucket was measured from the bucket soil level to the apical meristem using a meter rule at harvest.
ii. Number of leaves: The number of leaves on each experimental unit was counted at harvest.
iii. Number of flowers: The number of flowers that developed on each experimental unit was counted as the fruits emerged.
iv. Number of fruits/pods: The number of pods on each experimental unit was counted at harvest.
v. Weight of fruits/pods (g): This was obtained by weighing using analytical weighing balance at harvest. 
Statistical analyses
Data collected from the pot experiment was subjected to analysis of variance in completely randomized design and significant means separated using F-LSD at 5% level of probability.








RESULTS AND DISCUSSION
Table 1: Effect of parent materials and soil depth on selected chemical properties of soils 
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	sand
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	clay
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class
	pH (H2O)
	OC (%)
	OM (%)
	TN (%)
	AP (mg/kg)
	Ca (cmol/kg)
	Mg (cmol/kg)
	K (cmol/kg)
	Na (cmol/kg)
	EA
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	BS
 (%)

	
	
	
	
	
	
	
	0-20 cm
	
	
	
	
	
	
	

	Alluvium
	66.85
	17.15
	16
	S
	5.55
	1.82
	3.13
	0.16
	15.50
	5.18
	2.35
	0.29
	0.29
	1.56
	83.28

	Coastal plain sand   
	77.6
	11.16
	11.25
	SL
	5.78
	1.33
	2.30
	0.12
	14.45
	3.98
	1.80
	0.26
	0.27
	1.66
	79.14

	Sandstone
	80.1
	9.4
	10.5
	SL
	5.65
	1.40
	2.42
	0.12
	14.45
	3.7
	1.60
	0.25
	0.26
	1.69
	77.62

	Shale
	36.27
	26
	37.73
	CL
	5.18
	1.55
	2.71
	0.14
	14.95
	4.8
	2.35
	0.28
	0.34
	1.71
	81.51

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	20-40 cm
	
	
	
	
	
	
	

	Alluvium
	50.6
	26.15
	23.25
	SCL
	5.18
	0.97
	1.67
	0.09
	13.40
	4.0
	1.55
	0.25
	0.26
	1.67
	77.94

	Coastal plain sand
	72.6
	13.9
	13.5
	SL
	5.60
	1.14
	1.96
	0.10
	13.08
	3.5
	1.35
	0.22
	0.24
	1.73
	75.31

	Sandstone
	72.85
	14.4
	12.75
	SL
	5.60
	1.32
	2.29
	0.11
	13.58
	3.48
	1.23
	0.20
	0.22
	1.70
	74.82

	Shale
	41.1
	23.9
	35
	CL
	4.70
	1.28
	2.25
	0.11
	12.90
	4.33
	1.68
	0.23
	0.24
	1.77
	78.14

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	LSD0.05 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Parent material
	2.08
	0.26
	1.97
	
	0.23
	0.06
	0.08
	0.007
	0.37
	0.35
	0.17
	0.01
	0.017
	0.05
	1.91

	Soil Depth
	1.8
	0.23
	1.71
	
	0.20
	0.11
	0.14
	0.06
	0.32
	0.29
	0.15
	0.009
	0.015
	0.04
	1.65

	Parent material x depth
	2.95
	0.38
	2.79
	
	0.40
	0.22
	0.29
	0.012
	0.63
	0.59
	0.29
	0.019
	0.030
	0.085
	3.302



The table above showed that coastal plain sand and sandstone had similar soil texture. Again sand was greatest in sandstone while clay was more in the shale parent material and silt greatest in the alluvium. Also depth had an effect on the different soil separate as sand contents were observed to decrease with depth whereas silt and clay contents increased with increasing soil depth. The higher clay contents observed in alluvial soil and shale may be as a result of either increase of clay translocation from the surface to subsurface horizons or removal of clay from the surface by runoff (Jaiyeoba, 2003; Oguike and Onwuka, 2017). The high sand contents of coastal plain soil could be attributed to being derived from unconsolidated sand deposits formed over coastal plain sands (Asawalam et al., 2009; Chukwu, 2013).
Selected soil chemical properties of contrasting parent materials
The pH of the soils measured in water overlaying diverse parent materials at various depths is shown in Table 1. The results indicated that coastal plain sand had the highest value of soil pH (pH(H2O) = 5.78) at 0-20 cm depth, that was significantly (p<0.05) higher than those observed in alluvium (pH(H2O) = 5.55), sandstone (pH(H2O) = 5.65) and shale (pH(H2O) = 5.18).  Similarly, at the depth of 20-40 cm, soil pH(H2O) observed for soils developed from coastal plain sand and sandstone were at par, but significantly (p=<0.05) higher than those recorded for alluvium and shale. It was also observed that top soil pH were all higher than subsoil pH. Meanwhile, sub-soil pH was mostly strongly acidic (pH<5.5) except for soil developed on sandstone and coastal plain sand at 20-40 cm soil depth.
Following the ratings of Jones (2003), soil pH (H2O) at 0-20 cm for soils developed on alluvium, coastal plain sand, and sandstone were moderately acidic (pH>5.5), while those observed for shale was strongly acidic (pH<5.5). The acidic nature of the soils shows the inherent characteristics of soils of the study areas irrespective of their parent material. These values are however optimal for most of the arable crops. The observed strong acidity for soil developed on shale could be associated with the mining of basic cations due to high rain, continuous cropping and continuous application of acid inducing chemical fertilizers. 
Soil organic matter (OM)
The results depicting the effect of soil depth and parent materials on soil organic matter (OM) are presented in Table 1. The results showed that the soil developed on alluvium at the depth of 0-20 cm had the highest values of OM (3.13 %), which were significantly (P< 0.05) higher than those observed on soil developed on shale (OM = 2.71 %), sandstone (OM=2.40%) and coastal plain sand (OM= 2.30 %). The results further showed that at the depth of 20-40 cm, sandstone had the highest values of OM (2.29 %) which were significantly (P< 0.05) higher than those on shale (OM= 2.25 %), coastal plain sand (OM= 1.96 %) and alluvium (OC= OM= 0.67 %). 
Following the critical rating of Landon (2014), organic carbon was observed to be moderate (OC mostly between 1.5-2.0 %) at 0-20 cm depth across all the parent materials and low (< 1.5 %) at 20-40 cm. Higher level of OC at the depth of 0-20 cm may attributed to accumulation of organic materials or litter materials at the surface soils. Relatively lower values of OC recorded in coastal plain sand soils than other parent materials could be attributed to OC losses through leaching and runoff due to porous nature of coastal plain. Furthermore, decrease in OC amount with increasing soil depth has been reported by Byers et al. (2023). 
Total Nitrogen (%) and Available Phosphorus (Mg/kg)
The result showing the effect of soil depth and parent materials on TN, indicated alluvium parent material at the depth of 0-20 cm to have had the highest values of TN (0.16%) which was significantly higher than shale (0.14 %) and coastal plain sand and sandstone (0.12 %). Contrarily, at the depth of 20-40 cm, TN was not significantly (P> 0.05) different across the parent materials, however, values of 0.09 % (alluvium), 0.10 % (coastal plain sand) and 0.11 % (sandstone and shale) were observed. Low TN in tropical soils is caused by high temperatures which facilitate organic matter mineralization.  Among features of climate, high temperature and rainfall are the major causes of N losses in tropical soils (Javed et al., 2022). Tropical soils are characterized by low total nitrogen content which negatively impacts agricultural productivity (Javed et al., 2022). Decrease in TN with soil depth corresponded to the trend of OC that decreased with depth confirming the fact that total N is an organic nutrient (Okeke et al., 2022).
 The result in table 1 further indicated that at the depth of 0-20 cm, alluvium had the highest value of available P (15.50 mg/kg) which was significantly (p<0.05) higher than those observed in coastal plain sand (14.45 mg/kg), sandstone (14.45 mg/kg) and shale (14.95 mg/kg). Further results revealed that at the depth of 20-40 cm, sandstone had the highest value of available P (13.58 mg/kg) that was significantly (P<0.05) higher than alluvium (13.40 mg/kg), coastal plain sand (13.08 mg/kg) and shale (12.90 mg/kg). Available phosphorus was slightly higher in surface soils than subsoil. The values obtain for this research falls under the moderate (8-20 mg/kg) fertility ratings following the rating of Landon (2014). Slightly higher value of available P in surface soils than subsoil buttress the influence of organic matter on soil available P.
Exchangeable bases (Ca, Mg, K, Na)
The result as presented in table 1 showed that among the exchangeable bases, the exchangeable complex of the soil was dominantly occupied by calcium ions and followed by magnesium while sodium and potassium were fewer. From the results, it is revealed that alluvium had the highest value of exchangeable Ca (5.18 cmol/kg) that was significantly (P<0.05) higher than shale (4.8 cmol/kg), coastal plain sand (3.98 cmol/kg) and sandstone (3.7 cmol/kg) at the depth of 0-20 cm. Conversely, at the depth of 20-40 cm, shale had the highest value of Ca and magnesium (4.33 cmol/kg and 1.68cmol/kg) which was significantly (p<0.05) higher than alluvium (4.0 cmol kg and 1.55 cmol/kg), coastal plain sand (3.5 cmol/kg and 1.35 cmol/kg) and sandstone (3.48 cmol/kg and 1.23 cmol/kg). Like exchangeable Ca, higher values of exchangeable Mg, K and Na  were also recorded in alluvium and shale than coastal plain sand and shale at all depths and decreased with increasing depth across all studied parent materials. The trend of distribution of exchangeable K and Na in the studied soil is nearly similar to that of Ca and Mg at all the depths. At both depths studied, soil developed from alluvium had the highest value of K that was significantly (p<0.05) higher than other studied parent materials. Furthermore, at each depth, Na was significantly higher (p<0.05) in soils of alluvium than other parent materials (Table 1). 
Exchangeable Ca was low (< 5 cmol/kg) across all the parent materials at each depth except in alluvium at 0-20 cm depth where it was found to be moderate (5-10 cmol/kg) according to Landon (2014). Magnesium was low (<1.5 cmol/kg) at the depth of 0-20 cm, low in coastal plain sand and sandstone and moderate in alluvium and shale (1.5-3.0 cmol/kg) at the depths of 20-40 cm and 40-60 cm based on the rating of Landon (2014). Potassium was rated moderate (0.2-0.4 cmol/kg) across all parent materials and depths while Na was rated low (<0.3 cmol kg) except in shale at 0-20 cm soil depth where it was moderate (0.3-0.7 cmol/kg) (Landon, 2014). Low levels of bases in the soils could be due to leaching caused by higher rainfall and acid nature of most parent materials.  According to Enwezor et al. (1981), leaching due to intensive rainfall and acidity are major causes of low bases in tropical soils while higher levels recorded in some exchangeable cations may be related to high organic matter content and high clay content of the parent material. 
Okra growth as affected by parent materials and depth
The analysis of variance showed a highly significant (P=0.05) effect on parent materials, depths and their interaction with respect to plant height, number of flowers and number of okra leaves. The results showed that Alluvium parent material produced the highest mean number of leaves of approximately 7 leaves which differed significantly (P=0.01) from the mean number of leaves produced by the other parent materials. Shale parent material recorded the least number of leaves, least number of flowers. Alluvium parent material also gave the tallest plant (42.45cm) and produced the greatest flowers (approximately 5) which also differed significantly from other studied parent materials.  It was also observed that as soil depth increases from 0-20 to 20-40cm, plant height, number of leaves, number of flowers decreased (Table 2). The mean number of flowers approximately four (4) flowers was produced by 0-20cm depth which differed significantly from that produced at 20-40cm depth. 0-20cm depth irrespective of parent material produced the tallest plants, the greatest number of leaves and flowers. This could be due to less organic matter in the sub soil.

Influence of parent material and soil depth on yield of okra
The result of the analysis of variance showed that parent material, soil depth and their interaction were highly significant (P=0.01) with respect to yield parameters measured. Alluvium parent material gave the heaviest mean fruits approximately 23g at 0-20 and 9g at 20-40cm depth and this differed significantly from other parent materials studied. Samples from coastal plain sand and sandstone produced mean weights approximately ranging which were statistically the same. However, samples from shale parent material irrespective of depth recorded the least weight of fruits (g)(Table 2). The result also showed that alluvium parent material had the highest mean number of fruits (5) as shown in table 1. Samples collected at 0-20cm depth irrespective of parent material produced the heaviest fruits and the highest number of fruits which differed from the mean number of fruits/plant produced in soil samples collected at other depths (Table 2). Number of okra fruits/pods as well as the weight of fruit reduced as soil depth increased from 0-20cm to 20-40cm (Table 2). 


Parent material and depth interactions
There were also highly significant effects (P=0.01) on parent material and depth levels interaction with respect to all parameters measured. The highest mean number of leaves was produced in alluvium (7 leaves at 0-20cm) which dropped to 6 leaves at 20-40cm , the highest mean number of flowers was produced in alluvium at 0-20cm depth with a mean number of flowers of approximately five (5) flowers which dropped significantly to 3 flowers at 20-40cm, alluvium parent material also produced the highest number of fruits approximately five (5) at 0-20cm and at 20-40cm this dropped to three (3) fruits(Table 2). The significant parent material and depth interaction in these parameters is attributed to the differential response of okra across the depths and parent materials studied.

Table 2: Okra performance as affected by Parent materials and soil depth
	Parent materials
	depth
	Plant height (cm)
	Number of leaves
	Number of flowers
	Number of fruits
	Weight of fruits (g)

	Alluvium
	0-20
	42.45
	6.78
	4.89
	5.00
	22.56

	Shale
	0-20
	16.44
	4.89
	2.56
	2.56
	3.34

	Coastal plain sand
	0-20
	26.73
	5.11
	3.78
	3.44
	12.63

	Sand stone
	0-20
	18.28
	5.33
	2.56
	2.89
	7.44

	Alluvium 
	20-40
	28.17
	6.67
	3.22
	3.78
	8.78

	Shale
	20-40
	12.17
	3.44
	2.22
	1.89
	2.00

	Coastal plain sand
	20-40
	16.28
	4.37
	2.44
	2.11
	5.66

	Sand stone
	20-40
	10.95
	5.33
	2.89
	3.33
	9.44

	LSD0.05 parent material means
	2.861
	0.761
	0.535
	0.586
	1.916

	LSD0.05 depth means
	1.430
	0.381
	0.267
	0.293
	0.958

	LSD0.05 parent material x depth
	4.955
	1.319
	0.926
	1.015
	3.319



Conclusion 
Soils derived from alluvium generally supported better okra growth and yield due to higher fertility and better moisture retention. In contrast, soils from shale, sandstone and coastal plain sand may require significant soil amendments (organic matter, fertilizers, liming) to achieve comparable results. 
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