INFLUENCE OF WATERING REGIME AND INOCULANT ON GERMINATION AND PERFORMANCE OF AFRICAN YAM BEANS UNDER DROUGHT CONDITION IN ADO-EKITI






ABSTRACT
This study was carried at the Teaching and Research Farm of Ekiti State University (EKSU), Ado-Ekiti, Ekiti State to examine the Influence of watering regime and Inoculant on germination performance of African Yam Bean under drought condition in Ado-Ekiti. The experiment was designed using a Complete Randomized Design (CRD) with three replicates, involving two accessions of African yam bean (Tss67 and Tss10), two watering regimes (well-watered and water stress), and four Rhizobium strains; RAM122, NAK128, USDA9032, and RACA6. Prior to planting, AYB seeds were soaked with each Rhizobium strain for 24 hours. Growth parameters taken include; Days to seed emergence (DTSE), vine length (VL), number of leaves per plant (NLP-1), and stem girth (SG), measured at 2, 4 and 6 weeks after planting. The results revealed that the NAK128 strain consistently enhanced growth of the accessions across the parameters measured. Well-watered conditions improved vine length and leaf production, thus underscoring the critical role of adequate irrigation in AYB cultivation during drought period. Interaction analysis demonstrated the effectiveness of certain Rhizobium strains, such as RAMI22 and RACA6, which were more pronounced under well-watered conditions, while NAK128 maintained strong performance across both water regimes. The study concluded that selecting appropriate Rhizobium strains, particularly NAK128, and ensuring consistent irrigation are essential for optimizing AYB seedling growth during prolong drought period. 
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INTRODUCTION
African Yam Bean (AYB), scientifically known as Sphenostylis stenocarpa, is an underutilized legume with high nutritional potential (Ndubuisi et al., 2022). It is a significant crop in Africa, producing edible seeds and tubers (Baiyeri et al., 2018). African Yam Beans (Sphenostylis stenocarpa Hochst. Ex A. Rich.) is a leguminous crop indigenous to West Africa, valued for its nutritional profile and adaptability to varying agro-ecological conditions. AYB is rich in protein, fiber, and carbohydrates, making it a valuable source of essential nutrients. Studies have shown that nutritionally the AYB seed contains 62.6% carbohydrates, 21-29% protein and 2.5% fat (Abdulkareem et al., 2015).  AYB is a good source of essential amino acids such as cysteine, lysine, methionine, phenylalanine, and proline (Usoroh et al., 2019). The utilization of AYB in food products like cookies and porridge has been explored to enhance their nutritional value (Gaikwad et al., 2023). Incorporating AYB flour in blends with maize or cassava has shown to increase protein, and fiber content while reducing carbohydrate content (Ajayi et al., 2020). It has also been used in the production of breakfast cereals and probioticated drinks, showcasing its versatility in food applications (Okoronkwo et al., 2019).
AYB compares favourably with those in pigeon pea, chickpea, Bambara, and common bean. The bean is also rich in dietary fiber (Baiyeri et al., 2018; Anya and Ozung, 2019), carbohydrate and important minerals such as calcium, iron, zinc, magnesium amongst others with values higher or comparable to soy and common bean (Adamu et al., 2015). Protein fractionation shows that albumin and globulin are the prevalent proteins present in AYB (Ajibola et al., 2016). The bean is rich in essential amino acids (Chinonyerem et al., 2017). Therefore, more attention needs to be given to this underexploited, cheap, and nutritionally important legume. Because AYB is rich in protein and other nutrients, it has been used in the development of fortified and enriched foods. Food fortification has been described as the inclusion of important micronutrients and vitamins not originally present or present in infinitesimal quantity within foods from other foods whereas food enrichment involves the addition of nutrients (macro or micro alike) to foods to compensate for losses that may have occurred during processing (Nwadi et al., 2020). In many areas where it is cultivated, AYB is regarded as a security crop for fallow farmlands in the preparation for a new planting season and primarily consumed as staple crops. It is a perennial crop (Nwosu, 2013), commonly or mainly planted by local farmers for subsistence (Enujiugha et al., 2012).
With escalating global climate change, drought incidents are becoming more frequent and severe, posing substantial challenges to agricultural productivity and food security globally. Drought stress profoundly impacts agricultural systems by hindering seed germination, reducing plant growth, and ultimately compromising yield (Boyer, 2013). Effective management of water resources, along with the application of microbial inoculants, presents promising strategies to mitigate these adverse effects on crop production (Daryanto et al., 2016). Microbial inoculants, such as rhizobia and mycorrhizal fungi, establish symbiotic relationships with plants, enhancing nutrient uptake efficiency, water use efficiency, and resilience to environmental stresses.
The use of microbial inoculants has been shown to significantly enhance crop productivity by improving plant growth under various conditions. For instance, co-inoculation of Bradyrhizobium and other microbial inoculants has been reported to enhance soybean performance and increase nodulation, indicating the positive impact of inoculants on crop growth (Li et al., 2022). According to Khadka, 2022, the application of effective microbial agents, has been found to enhance rice crop performance, demonstrating the potential of inoculation for improving crop yields. The use of rhizobia inoculants has been shown to improve biological nitrogen fixation and growth of common bean and soybean, highlighting the importance of microbial inoculation in enhancing crop performance (Ouma et al., 2016). Several studies indicated, including studies by Gan et al., 2010, have also indicated that inoculation with Rhizobium can optimize chickpea productivity and that best nitrogen management practices are essential for succeeding crops.

In terms of water availability, the germination response of crops to different watering regimes is essential for successful crop establishment. Research has shown that the germination response of various cover crop species to temperature and water potential can be used to simulate crop emergence under different environmental conditions (Tribouillois et al., 2016). In addition, the application of microbial inoculants in combination with moderate phosphorus application has been found to markedly increase grain yield in common bean varieties, indicating the potential of inoculation to enhance crop productivity, especially under varying water availability (Samago et al., 2017). The increasing frequency and severity of drought events, driven by global climate change, present a formidable challenge to agricultural productivity, particularly in regions already prone to water scarcity. African Yam Beans (Sphenostylis stenocarpa), a nutrient-rich leguminous crop, holds significant potential for enhancing food security in drought-affected areas due to its adaptability and nutritional value. While drought stress poses a significant challenge to crop productivity, the potential synergistic effects of optimizing watering practices and utilizing microbial inoculants, such as arbuscular mycorrhizal fungi (AMF) or plant growth-promoting rhizobacteria, on the germination and growth of African Yam Beans under drought conditions remains a critical area of research. Different studies have indicated how different watering regimes and inoculation strategies impact the germination rate, seedling establishment, and overall performance of crop in drought-stressed environment. However, the optimal strategies for managing water resources and utilizing microbial inoculants to enhance the germination and performance of African Yam Beans under drought conditions remain inadequately understood. This prompt the needs to carry out research on the influence of watering regime and inoculant on germination and performance of African Yam Bean in the study area. The main aim of the research is to evaluate the influence of two watering regime and inoculants on germination and performance of African Yam Bean in early stage of growth.

Material and Method
 Experimental Site
This research was conducted at the Teaching and Research Farm, Ekiti State University, Ado-Ekiti, Nigeria. The region has a tropical climate characterized by distinct wet and dry seasons. The rainy season starts by March or early April until late October, with a brief break in August. The dry season extends from November to early March. The mean annual rainfall is approximately 1,367 mm, with around 112 rainy days per year. Temperature remains relatively consistent throughout the year, averaging 27°C. The geographical coordinates of Ado-Ekiti, the capital city of Ekiti State in Nigeria, are about 7.6233°N latitude and 5.2209°E longitude. Ekiti State University is located in Ado-Ekiti, Ekiti State. The state covers an area of approximately 6,602.8 square kilometers.
Collection and Source of Rhizobia Strain and African Yam Bean Accessions
Four rhizobia stains were collected from IITA Ibadan (Microbiology Laboratory), which are: RAMI22, USDA.9032, RACA6, and NAK128. Each of these rhizobia strains were cultured using Yeast Mannitol Broth Method (YMB). The African yam beans varieties planted were sourced from IITA genetic bank, which are Tss10 and Tss67.
Soil Collection and Preparation
The soil used for this experiment was sourced from the Teaching and Research Farm, Ekiti State University, Ado-Ekiti. After collection, the soil was thoroughly mixed with cured poultry manure and sterilized using the heating method, then allowed to cool before filling into the experimental pots. The experimental pot (polythene) was sourced from Ekiti State Ministry of Agriculture. Following sterilization, the soil was carefully measured, with each pot a weigh of 20kg per pot. Heating for soil sterilization is a crucial practice aimed at eliminating pathogens, pests, and weed seeds to support healthy plant growth.
Experimental Design and Land preparation
The experiment was laid out in a Complete Randomized Design (CRD), involving, Two African yam bean accessions, two watering regime, and four Rhizobia strains namely; RAMI22, NAK128, USDA.9032, and RACA6. The AYB seeds were soaked inside each of the Rhizobium strains for 24 hours before planting. Proper land preparation is essential for the successful cultivation of African yam bean. The land where the experimental pots were placed was cleared of weeds and debris. This helps to create a suitable environment for the pots and to prevent the disturbance of weed as well as pests and diseases. Inoculated seeds were sown directly into pots at a depth of 2.5 to 5 cm to aid even germination. The pots were placed apart at a spacing of about 60-75 cm. Weeding was done manually by hand to remove the weeds in the pot. Cutlass and hoe were used to clear the surrounding weed in the experimental site. Two watering regimes were employed in this research as stated in the research objectives and experimental treatment. The watering regime are; Everyday watering (WW) and Every other day watering (WS).

Data Collection and Data Analysis
Data were collected on the following growth parameters; vine length, number of leaf, stem girth, and days to seed emergence. All the data collected were subjected to analysis of variance (ANOVA) using IRRI STAR Software (2014) and means separated using Duncan’s Multiple Range Test (DMRT).
RESULT AND DISCUSSION
 Mean Performance of AYB seedlings under different Rhizobium Strain treatment at 6 weeks after planting 
Table 1 presents the mean performance for various growth parameters: Days to Seed Emergence (DTSE), Vine Length (VL), Number of Leaves (NL), and Stem Girth (SG).
For DTSE, the control (C) treatment gave the longest days to emergence (2.8 days), which was significantly different from T2 (NAK128) with the shortest day to emergence (1.8 days). Treatments T1 (RAMI22) and T3 (USDA 9032) gave 2.2 and 2.0 days to seed emergence respectively, which were not significantly different from each other but differ from the control. T2 treatment (NAK128) gave the highest vine length of 40.3 cm, significantly difference from all other treatments, indicating a robust growth response with the application of this strain. Conversely, the shortest vine lengths were observed under treatments T3 (USDA 9032) and T4 (RACA 6) with the values of 31.1 cm and 33.9cm respectively. Considering NL, application of treatment T2 to AYB showed superior performance of number of leaf (8.6), significantly higher than the control and all other treatments. Treatments T1 and T3 had the lowest number of leaf, of 6.1 and 6.2 leaves respectively, demonstrating a clear difference in leaf proliferation among strains. For SG, the control and T2 both had the highest stem girth of 0.23 cm, and significantly higher than stem girth obtained in T1, T3, and T4. Application of T2 (NAK128) consistently demonstrated significant positive effects on vine length, number of leaves and stem girth, indicating its potential as the most beneficial treatment among those tested. 





Table 1: Mean Performance of AYB seedlings under different Rhizobium Strain treatment at 6 weeks after planting
	Treatment
	DTSE
	VL (cm)
	NLP
	SG (cm)

	C
	2.8a
	34.4b
	7.4b
	0.23a

	T1
	2.2ab
	34.4b
	6.1c
	0.20b

	T2
	1.8c
	40.3a
	8.5a
	0.23a

	T3
	2.0b
	31.1c
	6.2c
	0.21b

	T4
	2.1b
	33.9c
	8.3a
	0.20b


Means with the letter(s) in the same column are not significantly different (p< 0.05) according to Duncan’s Multiple Range Test (DMRT). C: Control; DTSE: Days to seed emergence; VL: Vine Length; NL: Number of leaves; SG: Stem girth; T1 = RAMI22, T2 = NAK128, T3 = USDA 9032, T4 = RACA 6

 Mean Performance of AYB seedlings under different water regime at 6 weeks after planting
Table 2 shows the mean performance of AYB seedlings under different water regimes at 6 weeks after planting. The parameters measured are Days to Seed Emergence (DTSE), Vine Length (VL), Number of Leaves (NL), and Stem Girth (SG). For DTSE, there was no significant difference between the two water regimes. Both the water stress regime and the well-watered regime had similar mean of 2.1 and 2.2 days, respectively. This indicates that the frequency of watering did not significantly affect the time required for seeds of AYB to emerge. For VL, the well-watered regime resulted in a significantly higher vine length of 38.3 cm, compared to 31.3 cm under water stress conditions. This substantial difference demonstrates that consistent daily watering promotes greater vine growth, likely due to the constant availability of water supporting cell expansion and elongation. For NL, the well-watered condition again gave significantly better performance, with a mean of 8.40 leaves compared to 6.22 leaves under water stress. This indicates that regular watering fosters more leaf development, likely contributing to better plant health and photosynthetic capacity. There was no significant difference between the two regimes under SG, with means of 0.23 cm for the well-watered regime and 0.21 cm for the water stress regime. This suggests that stem girth is less sensitive to watering frequency unlike other growth parameters. 



Table 2: Mean Performance of AYB seedlings under different water regime at 6 weeks after planting
	Water Regime
	DTSE
	VL (cm)
	NL
	SG (cm)

	Water Stress
	2.1a
	31.3b
	6.2b
	0.21a

	Well water
	2.2a
	38.3a
	8.4a
	0.23a


Means with the letter(s) in the same column are not significantly different (p< 0.05) according to Duncan’s Multiple Range Test (DMRT). DTSE: Days to seed emergence; VL: Vine Length; NL: Number of leaves; SG: Stem girth.

Interaction between Water Regime and Rhizobium on AYB seedlings under different at 6 weeks after planting 
Table 3 provides an intricate analysis of the interaction between water regime and Rhizobium strain treatments on AYB seedlings at six weeks after planting. The table elucidates how different combinations of water regimes (Water Stress and Well-Watered) and Rhizobium strains affect these growth metrics. For DTSE under the water stress regime, the control (C) treatment exhibited a significantly longer seed emergence time of 8.7 days, followed by T1 (RAMI22) with 7.0 days and T4 (RACA 6) with 6.0 days. The quickest seed emergence under water stress was observed in T2 (NAK128) at 2.2 days, which was significantly different than all other treatments. Conversely, in the well-watered regime, the control (C) also showed a longer emergence time of 8.0 days, similar to the water stress scenario, while T1 (RAMI22) and T4 (RACA 6) had the shortest emergence times of 5.4 and 5.4 days, respectively. Regarding vine length, under the water stress regime, application of T2 (NAK128) to AYB gave the highest vine length at 40.3 cm, significantly outperforming all other treatments, indicating its robust response even under limited water availability. Under well-watered conditions, T2 maintained superior performance with a vine length of 48.6 cm, further emphasizing its effectiveness. Interestingly, T1 exhibited a dramatic increase on vine length of 46.1 cm under well-watered conditions. For number of leaf under water stress, T2 (NAK128) on AYB again outperformed others with a mean number of leaf of 6.2l, which is significantly differ from the number of leaf obtained in control and other treatments, highlighting its ability to promote leaf growth under suboptimal water conditions. It should be noted that, application of T1 and T4 did not give a significant increase in leaf number compared to their performance under water stress, suggesting these strains are less responsive to water regime changes in terms of leaf production. Under water stress, T2 exhibited a stem girth of 0.71 cm, significantly thicker than all other treatments, indicating superior stem robustness. Other treatments, including the control, showed smaller and similar stem girths. Under well-watered conditions, application of T2 to AYB also gave a thicker stem girth of 0.44 cm and significantly difference from the stem girth obtained from other treatments. The interaction analysis reveals that application of T2 (NAK128) consistently excels across all parameters, particularly under water stress, highlighting its potential as a resilient and growth-promoting strain. T1 (RAMI22) and T4 (RACA 6) showed significant improvements under well-watered conditions, indicating their performance are highly dependent on water availability.














Table 3: Interaction Between Water Regime and Rhizobium on AYB seedlings under different at 6 weeks after planting.
	Water Regime
	Treatment
	DTSE
	VL (cm)
	NL
	SG (cm)

	Water Stress (WS)
	C
	8.7a
	34.4b
	5.2b
	0.20bc

	
	T1
	7.0b
	34.4b
	5.2bc
	0.21bc

	
	T2
	2.2d
	40.3a
	6.2a
	0.71c

	
	T3
	5.8c
	31.1b
	5.7b
	0.18c

	
	T4
	6.0b
	33.6b
	5.3b
	0.30b

	Well Water (WW)
	C
	8.0a
	38.6b
	5.3b
	0.10c

	
	T1
	5.4c
	46.1a
	5.2bc
	0.34b

	
	T2
	6.0b
	48.6a
	6.2a
	0.44a

	
	T3
	6.1b
	39.1a
	5.4b
	0.15c

	
	T4
	5.4c
	5.3b
	5.3b
	0.31b


Means with the letter(s) in the same column are not significantly different (p< 0.05) according to Duncan’s Multiple Range Test (DMRT). C: Control; DTSE: Days to seed emergence; VL: Vine Length; NL: Number of leaves per plant; SG: Stem girth; Well Water (WW) = everyday watering, and Water Stress (WS) = every other day watering, T1 = RAMI22, T2 = NAK128, T3 = USDA 9032, T4 = RACA6


CONCLUSION AND RECOMMENDATION
Rhizobium strain treatments and water regimes significantly influence the growth performance of AYB seedlings at six weeks after planting. The NAK128 (T2) strain consistently emerged as the most effective Rhizobium strain across multiple growth parameters, promoting earlier seed emergence, longer vine lengths, more leaves per plant, and thicker stems under both water stress and well-watered conditions. The well-watered regime significantly enhanced vine length and leaf production compared to water stress conditions, highlighting the importance of adequate irrigation. The interaction between Rhizobium strains and water regimes demonstrated that the performance of certain strains, like RAMI22 and RACA 6, is highly contingent on water availability, whereas NAK128 maintained robust performance across different water conditions. Farmers and agricultural practitioners should prioritize the use of the NAK128 strain for inoculating AYB seedlings due to its superior performance across multiple growth parameters and its resilience under both water stress and well-watered conditions. Consistent and adequate irrigation practices should be implemented to enhance vine length and leaf production, as well-watered conditions significantly improve these growth parameters. When selecting Rhizobium strains, it is essential to consider the specific water regime of the cultivation area, as strains like RAMI22 and RACA 6 show enhanced growth under well-watered conditions but may be less effective under water stress. An integrated approach combining effective Rhizobium inoculation with optimal irrigation management should be adopted to maximize the growth and yield of AYB seedlings, addressing both biotic and abiotic factors for sustainable and productive legume farming.
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