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Abstract

:

Nutrient-poor savanna soils severely limit agricultural productivity in Africa, hindering crops and livestock intensification and threatening food security. Addressing these deficiencies is crucial to meeting the world’s growing food demands and ensuring sustainable agricultural development. The experiment was conducted in a greenhouse laid in a randomized complete block design with eight treatments, namely: (T1) control, (T2) 45 kg/ha superphosphate, (T3) 60 kg/ha superphosphate, (T4) 75 kg/ha superphosphate, (T5) Bradyrhizobium japonicum inoculant, (T6) Bradyrhizobium japonicum inoculant +45 kg/ha superphosphate, (T7) Bradyrhizobium japonicum inoculant +60 kg/ha superphosphate, and (T8) Bradyrhizobium japonicum inoculant +75 kg/ha superphosphate. The findings showed that the highest plant height was noted when lablab was supplemented with T4 treatment at day 21, while T2 of superphosphate had the highest leaf area. Conversely, soil supplemented with superphosphate at different levels and/or lablab seeds treated with Bradyrhizobium inoculant did not have a significant effect on the number of leaves. Overall, the application of superphosphate to the soil at different levels and treating lablab seeds with Bradyrhizobium inoculant did not have any significant effect on the plant height, number of leaves, and leaf area. On day 37, the highest leaf chlorophyll was recorded on T1 and became constant amongst all the treatments as the growth progressed. From the current study, it is concluded that growing lablab in a controlled environment would benefit subsistence farmers and rural communities for its leaves consumed as vegetables and ultimately ensure food security.
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1. Introduction


Lablab (Lablab purpureus L.) is a legume plant that belongs to the family Fabaceae with other crops such as the common bean (Phaseolus vulgaris), cowpea (Vigna unguiculata), pigeon pea (Cajanus cajan), and soybean (Glycine max) [1,2]. It is classified into three distinct subspecies, namely Purpureus spp., Bangalensis spp., and Unicinatus spp. [3]. Among the three subspecies, the Purpureus spp. occupies the highest agricultural significance and is the most predominantly cultivated within the lablab genus. Lablab is an ancient crop with sufficient nutritional evidence that has been widely distributed across numerous tropical and subtropical countries. It is one of the most diverse domesticated legume species that is grown in several parts of the world [4] and has gained recognition over the years for its exceptional agro-morphological diversity [5,6]. Although lablab is not widely used in South Africa, it is commonly referred to as Mabonjisi in the Limpopo province, where it is mostly grown by smallholder farmers and residents in rural communities [7,8]. Lablab purpureus is a short-lived perennial forage legume crop that grows well in summer [9] and can survive on a wide variety of soil types, from sandy loamy to heavy clay soils, well-drained with a slightly acidic pH of 6.5 [10], and cannot tolerate waterlogged or salty conditions. However, in Brazil, lablab thrives on heavy clays that are quite acidic with a pH of 5.0 [11]. It is characterized by its herbaceous nature [12] and can twine, climb, trail, and/or grow upright. Lablab has the potential to reach a length of 3 to 6 m [13]. It is regarded as a versatile tropical legume species due to its various uses. For instance, in South and Southeast Asia, it is traditionally used as a pulse (’dhal’) crop, and the immature pods serve as a vegetable (green bean, pod, leaf) [14]. In Australia and Queensland, lablab species are cultivated for forage or green manure in semi-intensive livestock and crop-livestock farming systems [15], as herbal medicine, and as an ornamental plant [16,17]. However, in the eastern part of Africa, such as Ethiopia and Malawi, it is utilized as a vegetable and consumed as boiled immature seeds [18]. Both dried and fresh leaves of lablab may be cooked and consumed as leafy vegetables [8]. They are easily accessible, commonly known, and consumed by rural communities.



A recent interest in the bio-functional properties of lablab for potential pharmaceutical or nutraceutical uses [19] that are vital for good health and medical treatments [20] has surfaced. Maheshu et al. [21] reported that lablab seeds contain approximately 6.7% oleic acid, which is responsible for the primary fatty acids, proving lablab to be a suitable nutritional supplement. In addition, a study by Ramadoss and Shunmugam [19] reported that lablab contains polyphenol antioxidants such as kaempferol, which, when consumed in foods, are proven to reduce the risk of pancreatic cancer, especially in smokers [22]. Quercetin found in labs has been reported to be effective in reducing blood pressure in hypertensive people [23]. Furthermore, a water-soluble antioxidant, ascorbic acid (vitamin C), known to prevent and treat scurvy diseases, was reported in lablab by Habib et al. [24]. Furthermore, Kalra et al. [25] reported lablab as a great source of nutritional value such as proteins, fibers, vital minerals such as iron and carbohydrate myoinositol clinically recognized to be effective in increasing ovarian functionality in females with polycystic and oligomenorrhea ovary syndrome [26] and to improve hormones in patients who are obese and diagnosed with polycystic ovary condition [27]. These abovementioned findings indicate the vast nutritional and medical benefits and the importance of lablab as a food component for food security. Yet, lablab is not commercially grown; it is underutilized, less consumed as a vegetable, and is not sold in commercial food stores in South Africa.



Lablab is normally cultivated in nutrient-poor savanna soils, which exhibit low fertility, limited water-holding capacity, and low organic matter content [28]. Savanna soils are characterized as transitional ecosystems situated between equatorial rainforests and mid-latitude deserts [29,30], have a continuous C4 grass stratum, and are either devoid of trees or contain trees and/or shrubs of variable height and density [31,32]. In Africa, savanna soil covers approximately 65% of the total land area, while southern Africa has 4% coverage [33]. Savanna soils play a crucial role in providing a range of ecosystems, such as sources of livestock feed, contributing to soil carbon sequestration, supporting fiber production [34], promoting soil conservation, and offering recreational opportunities [35]. However, savanna soils are threatened by a decline in soil fertility due to continuous land exploitation caused by the increase in human population [36]. This accelerates soil degradation, which is largely responsible for the relatively low crop yields obtained, low biomass production, poor returns on farm investments, and high variation in yields [37]. Manure, crop residues, and the growing of legumes play a significant role in the replenishment of soil nutrients [38]. Sileshi et al. [39] reported that the extensive use of inorganic fertilizers to increase crop production often has a negative impact on the soil, high cost, and erratic supply [40]. Therefore, legumes were introduced in the humid savanna regions due to their ability to fix atmospheric N and to continually supply the soil with a great quantity of organic materials in a relatively short time [41]. Ghosh [42] reported that lablab is suitable for intercropping with maize, pearl millet, and sorghum to improve soil fertility, greater land use management, and higher yields [43]. Lablab’s deep-rooting capability and symbiotic relationship with nitrogen-fixing bacteria enable it to thrive under challenging conditions [44]. Through nitrogen fixation, lablab enhances soil fertility, improves nutrient availability, and contributes to sustainable soil management practices [41].



It has been reported that inoculating legumes with bacteria strains is necessary for the soils where a new crop is introduced. Inoculants that contain effective Bradyrhizobium strains are normally used to stimulate nodulation, biological N fixation, and enhance crop yield [45]. A study by Benselama [46] revealed that economically, inoculation increased grain yield by about 20% over the uninoculated control. Additionally, Nwoke [47] reported that the inoculation of lablab seeds with the B. japonicum strain had a positive impact on the nodulation process and nitrogen fixation capacity of lablab. Phosphorus’s availability in soils for plants has been of great concern for farmers since it is mostly present in soil in insoluble forms. In the savanna regions where phosphorus is the second most limiting nutrient after nitrogen [48,49], the efficiency of its cycling, which drives its availability and mobility in the soil, takes great importance, particularly in low-input farming. Legume plants require an adequate supply of phosphorus for the process of nodulation, which is essential for nitrogen fixation [50]. Coale and Hoover [51] reported that insufficient phosphorus availability can limit the nitrogen fixation capacity of legumes, potentially resulting in nitrogen deficiency. Therefore, it is important to ensure sufficient phosphorus supply, availability, and inoculation of Bradyrozobium to influence optimal growth and continuous nutrient utilization. The conventional practice of agriculture has historically taken place in open fields. However, due to the increasing global population, the availability of arable land for cultivating crops is gradually decreasing, which limits traditional farming methods.



Controlled environments such as the greenhouse used in the present study offer several advantages, such as reduced labor requirements and higher yields over traditional field cropping systems [52,53]. Consequently, developing countries are embracing alternative methods such as hydroponics and controlled environments such as glasshouses, greenhouses, or shade nets in order to overcome the scarcity of land suitable for crop production [52,54,55]. However, in South Africa, the adoption of new advanced agricultural technologies is still relatively low, although they are recognized as a crucial pathway to alleviate poverty and introduce innovative farming practices [53]. Adopting these technologies has the potential to transform farming practices, increase production, meet demand, and alleviate food insecurity. The study aims to investigate the response of Lablab purpureus grown in savanna soils to Bradyrhizobium inoculant and different rates of superphosphate fertilizers cultivated in the greenhouse. The current findings of the study will create awareness among rural farmers that greenhouse-grown crop yield can be achieved on crops traditionally known to be open fields cultivated, thereby contributing to the body of science and knowledge.




2. Materials and Methods


2.1. Soil Sampling Area


The soils used in the study were collected at Motsephiri village, Germsbokspruit, under Elias Motsoaledi local municipality in Sekhukhune district, Limpopo province, South Africa (latitude: −25°0 059.600 longitude: 29° 4205300), commonly known to grow maize [7]. According to Mpandeli et al. [53] and World Weather Online [56], the area is a semi-arid climate characterized by cold, dry winters and warm, rainy summers, with a mean annual rainfall of 604 mm and an annual temperature that ranges from 8 to 28 °C [56,57] and an altitude of 1525 m above sea level. Five 10 m × 10 m replicate plots were randomly demarcated in the field in September 2021. At a depth of 30 cm, soil samples were collected with a spade using a zigzag method for each replicate plot. Each plot’s samples were then thoroughly mixed into a 25 L bucket, yielding five composite samples. The composite soil samples were labeled and sieved through a 4 mm metal sieve to remove roots and rocks, taken to the Agricultural Research Council Institute for Soil, Climate, and Water (ARC-ISCW) situated in Arcadia, Pretoria, for physical analysis, and the rest was used for the pot experiment in the greenhouse. Soil particle size distribution was conducted using a hydrometer method by Bouyoucos [58], while soil pH was determined in 1:2.5 soil-water suspension in deionized water using a pH meter as prescribed by Mclean [59] as shown in Table 1. In addition, soil particle size (sand, silt, clay) distribution using a hydrometer method following Bouyoucos (1962). Furthermore, the textural class was determined using the soil textural triangle adapted from Shirazi and Boersma [60], and the cation exchange capacity was measured using the ammonium acetate method from Schollenberger and Simon [61].



In addition, pre-planting, the basic soil fertility regarding the level of nitrogen, macro, and microelements found in the savanna soil was analyzed to determine the effect of the application of different levels of superphosphate and B. japonicum inoculant and the results are shown in Table 2, Table 3 and Table 4 as reported by Mthimunye et al. [7].



The soil analysis results showed that a slight increase in “no significant” difference occurred regarding phosphorus (P) content when lablab was planted without treatment (17.31 mg/kg) or treated with Bradyrhizobium japonicum inoculant (15.38 mg/kg) as compared to pre-lablab (15.87 mg/kg). However, notably, the incorporation of superphosphate solely or together with B. japonicum inoculant increased P significantly. Furthermore, P increased with the increase in superphosphate level with or without Bradyrhizobium japonicum inoculant, as indicated in Table 3.




2.2. Experimental Design and Layout


The pot experiment was conducted in the greenhouse with minimum and maximum air temperature ranges from 7.4 to 44.9 °C, which is situated at the University of South Africa, Florida Science Campus, Rooderpoot (Latitude: −26°9 029.27400; Longitude: 27°55017.66300) [7]. The average relative humidity inside the greenhouse was 68% during the planting period (October 2021 to February 2022), and the experiment ran for 5 months. The plastic pots (18 cm diameter, 14.5 cm height, and 18 cm width) were laid out in a randomized complete block design (RCBD) with eight treatments, which include (T1) control, (T2) 45 kg/ha superphosphate, (T3) 60 kg/ha superphosphate, (T4) 75 kg/ha superphosphate, (T5) Bradyrhizobium japonicum inoculant, (T6) Bradyrhizobium japonicum inoculant +45 kg/ha superphosphate, (T7) Bradyrhizobium japonicum inoculant +60 kg/ha superphosphate, and (T8) Bradyrhizobium japonicum inoculant +75 kg/ha superphosphate and replicated four times totaling 160 pot plants [7] (Mthimunye et al., 2023). Single superphosphate in granules was obtained at Fine Lines Landscaping (Pty) Ltd., which is based in Johannesburg, South Africa. The Highworth lablab cultivar was purchased from Brasuda (Pty) Ltd., a seed supplier located in Centurion, Gauteng, South Africa, and was used, which is among the commonly known early flowering cultivars with light brown seeds and purple flowers [62].



At sowing, single superphosphate granules were placed 2 cm below the seeds at a rate of 0, 45, 60, and 75 kg/ha in the abovementioned treatments. B. japonicum inoculant in liquid form was acquired at Microbial Biological Fertilizers International (MBFI), (Pty) Ltd., based in Delmas, Mpumalanga, South Africa, and was evenly coated on the lablab seeds at the application rate of 44 g/0.2 mL as shown in the manufacturer guidelines in Figure 1. Note No other fertilizers were applied in the current study.



Each pot was filled with 2030 g of soil, and two lablab seeds per pot were planted at a depth of 3 cm. Irrigation with 250 mL of tap water was carried out every second day. Two weeks after germination, thinning was carried out to one plant per pot, weeds were manually removed by hand pulling, and insects were controlled with a non-systematic insecticide (organophosphate).




2.3. Data Collection


To determine the agronomic parameters in response to applied different phosphorus fertilizers and/or B. japonicum inoculant, the plants from each treatment were randomly selected to measure the plant height, leaf area, and number of leaves, and the data were recorded at 14, 21, 30, 37, 52, 73, 80, and 90 days after sowing. The total number of true leaves (healthy and green leaves attached to the stem) was counted and recorded per plant. The plant height was manually measured in centimeters (cm) using a measuring tape with an accuracy of 0.01 mm placed vertically on the substrate surface taken at the apical meristem. The length and width of leaves were measured with a tape measure to calculate the leaf area using a liner equation using the formula:


Leaf area (cm2) = 0.78 × (L2)








as prescribed by Santana et al. [63], where: 0.78 = leaf shape coefficient; L = length of leaf (cm).



At days 37 and 73, the non-destructive approach method was used to determine chlorophyll content of the leaves using a spectrophotometer (SPAD-502 PLUS, Chlorophyll Meter, Konica Minolta, Tokyo, Japan), 2 × 3 mm, −9.9 to + 199.9 SPAD as described by Bvenura and Afolayan [64], and Zhang et al. [65].




2.4. Statistical Analysis


The significant difference (p ≤ 0.05) in the data recorded was carried out using a one-way analysis of variance (ANOVA) with the ‘aov’ function in the agricolae R package [66]. Means separation among treatments (i.e., control, B. japonicum inoculant, single superphosphate (8.3% P)) was performed using Duncan’s multiple range test at 5% probability.





3. Results


3.1. Plant Height


The findings of the study showed that the effect of B. japonicum inoculant and different levels of superphosphate on lablab plant height recorded at days 14, 21, 30, 73, 80, and 90 (termination) showed no significant difference (p ≤ 0.05) as indicated in Table 5. However, on day 37, the lablab plant exhibited taller plants when the lablab was treated with superphosphate applied at 45 (T2) and 75 kg/ha (T4), ranging from 8.30 to 8.39 cm in height. On the contrary, treating lablab seeds with B. japonicum inoculant alone (T5) and/or with 75 kg/ha superphosphate (T8) reduced the plant height significantly (6.82 cm) and (6.95 cm), respectively (p ≤ 0.05).



Notably, lablab plant height at day 52 was significantly higher (18.44 cm) when superphosphate was applied at 75 kg/ha (T4), while the application of B. japonicum inoculant alone (T5) and/or with B. japonicum + 45 (T6) and 75 kg/ha (T8) of superphosphate treatments recorded a minimum plant height of 10.19, 10.78, and 9.97 cm, respectively. Moreover, when superphosphate was applied at 45 (T2) and 60 kg/ha (T3) and with B. japonicum inoculant + superphosphate at 60 kg/ha (T7), plant height did not differ significantly from the control (T1) (in Table 5).




3.2. Leaf Area


As shown in Table 6, the highest leaf area was recorded in 45 kg/ha superphosphate (T2) with a mean value of 15.71 cm2. No significant difference was recorded in the leaf area of the lablab treated with 60 (T3) and 75 (T4) kg/ha superphosphate, B. japonicum + superphosphate applied at 45 (T6) and 60 (T7) kg/ha treatments, and control (T1) with the mean values of 14.47, 15.02, 13.97, 14.70, and 15.09 cm2, respectively. On the contrary, lablab seeds treated with B. japonicum inoculant and B. japonicum inoculant applied in combination with 75 kg/ha of superphosphate significantly had the least leaf area of 10.80 cm2 and 11.14 cm2, respectively. On day 21, 45 kg/ha superphosphate had a higher (16, 62 cm2) leaf area. Conversely, treating lablab seeds with 75 kg/ha of superphosphate, B. japonicum inoculant, and B. japonicum inoculant + 75 kg/ha of superphosphate resulted in lower leaf area. The lablab plant showed no significant difference (p ≤ 0.05) in leaf area on control (T1) when the lablab was treated with superphosphate applied at 60 kg/ha (T3) and/or when the seeds were treated with B. japonicum inoculant + 45 (T6) and/or 60 (T7) kg/ha superphosphate (see Table 6). Notably, lablab growth at days 30, 37, 52, 73, 80, and 90 without treatment or supplemented with superphosphate and/or B. japonicum inoculant did not have any significant effect on the leaf area as shown in Table 6.




3.3. Number of Leaves


The findings of the study indicated that lablab grown without inoculant or supplemented with superphosphate at different rates (45, 60, and 75 kg/ha) and/or B. japonicum inoculant + superphosphate (45, 60, and 75 kg/ha) did not have any influence on the number of leaves recorded per lablab plant throughout the growing stages (at day 14, 21, 37, 52, 73, 80, and 90) (see Table 7). Notably, on day 30, all the treatments as shown in Table 7 exhibited a higher number of leaves per plant with the exception of B. japonicum inoculant (T5), which had a lower number of leaves (6.20).




3.4. Leaf Chlorophyll Content


On day 37, the leaf chlorophyll content was significantly higher in control (T1) with a mean value of 31.95 SPAD, while B. japonicum + 75 kg/ha of superphosphate (T8) showed the least leaf chlorophyll content of 22.67 SPAD as compared to the other treatments. When superphosphate was applied at different levels (45, 60, and 75 kg/ha) with or without the B. japonicum inoculant, leaf chlorophyll content did not differ significantly (* see Table 8). On day 73, when the lablab crop reached physiological maturity, the leaf chlorophyll content across the treatments remained constant and ranged between 43.70 SPAD (T4) and 53.80 (T6) SPAD across all the treatments (T1, T2, T3, T4, T5, T6, T7, and T8).





4. Discussion


From the germination until day 37 after planting, the application of B. japonicum inoculant and/or superphosphate at different levels (45, 60, and 75 kg/ha) did not have any significant influence on the height of the lablab as compared to the control, which could be attributed to agronomic practices such as irrigation scheduling, constant temperature (7.4–44.9 °C), and/or humidity (8–100%) during the growth period since the experiment was conducted in a greenhouse. Notably, on day 52 after planting, 75 kg/ha superphosphate application had a positive effect on the plant height of the lablab. Our findings are in agreement with those conducted in a greenhouse under a controlled environment [67], which found that the plant height of the lablab increased significantly following the amendment of the soil by superphosphate in a field experiment. Another study by Nyoki and Ndakidemi [68] on the effect of phosphorus and B. japonicum on cowpea (Vigna unguiculata) reported a significant increase in the plant height measured at weeks 4, 6, and 8 after planting due to phosphorus supplementation under both glasshouse and field conditions. The same study reported positive results when cowpea was treated with B. japonicum. Moreover, in the current study, it was noted that the plant height increased (the plants grow taller days after sowing) from day 14 after sowing until the termination of the experiment at day 90; the mean of plant height ranges from day 14–21 was 3.58–5.96 cm, whilst at day 90 the plant height was 96.96 cm tall. Our findings are similar to those by Chavan et al. [69], where the plant height of forty lablabs (sweet genotypes) at 20 days after sowing ranged from 9.63 to 13.05 cm, while the highest plant height mean ranged from 71.80 to 101.21 cm at 80 days until harvest. On the contrary, in another study by Chavan et al. [70] on sweet lablab beans grown under residual stress, the lowest plant height recorded was 85.63 cm, while the highest plant height recorded was 101.21 cm at harvest.



The application of superphosphate at 45 kg/ha after 14 and 21 days of sowing resulted in a slightly higher leaf area as compared to higher rates (60 and 75 kg) of superphosphate applied, although not statistically significant. Our results differ from the results by Kharbamon et al. [71], where a low dose (30–40 kg/ha) of phosphorus resulted in lower leaf area, whereas a high dose of (50–60 kg/ha) resulted in high leaf area. The mean leaf area (10–16 cm2) obtained in our study at 14–21 days after sowing is in agreement with the findings by Chavan et al. [69] at 20 days after sowing (8.42–18.64 cm2), although there was no application of phosphorus in the study. In addition, a study by Surajo et al. [72] revealed the highest leaf area when the highest level of phosphorus (60 kg/ha) was applied to the lablab from 4 to 12 weeks after sowing. In our study, the application of superphosphate at 45, 60, and 75 kg/ha resulted in leaf areas (33.94, 34.98, and 32.29 cm2, respectively) measured on day 37 after planting that were not significantly different from the control (32.69 cm2). In agreement with the current study, Weisany et al. [50] found that amending the soil with phosphorus did not influence the leaf area at week 5, with mean values of 23.3 and 15.3 cm2 in control and where triple superphosphate was applied at 50 kg/ha under field conditions. Although not statistically different, our results further revealed that the highest lablab leaf area (34.98 cm2) measured at day 37 was observed when single superphosphate was applied at the rate of 60 kg/ha, which is in agreement with a study by Nyoki and Ndakidemi [68], which reported the maximum lablab leaf area of 17.40 cm2 measured at week 12 at 60 kg/ha single superphosphate on the typicus lablab. Moreover, at days 30, 37, 52, 73, 80, and 90 after sowing, there was no significant variation in leaf area amongst the treatments applied in the present study.



In the current study, the application of B. japonicum inoculant and various levels of superphosphate (45, 60, and 75 kg/ha) did not significantly influence the number of lablab leaves on different days (14, 21, 73, 80, 90) after sowing. The number of leaves (24) per plant at day 90 in our study is similar to those reported by Islam et al. [73] on dry beans. Moreover, Islam et al. [73] reported that phosphorus rates had no significant effect on the number of leaves per dry bean plant at 48 and 78 days after planting (DAP). On the contrary, a study by Nyoki and Ndakidemi [68] on cowpea (Vigna unguiculata) growth indicated a significant increase in the number of leaves measured at weeks 4, 6, and 8 after planting due to phosphorus effect and B. japonicum supplementation under both glasshouse and field conditions. In a study conducted by Surajo et al. [72], the number of leaves was measured at 4, 8, and 12 weeks after sowing, and there was a significant increase in the number of lablab leaves.



In the above study, it was also reported that when phosphorus rates (0, 20, 40, and 60 kg/ha) were applied to the lablab plant, the highest (40 and 60 kg/ha) phosphorus rates had a significantly higher number of leaves per plant at 4 and 8 WAS as compared to 4 WAS. The findings by Magelanga [74] reported that the variation in the number of leaves per plant could be due to the differences in the genetic makeup of the bean lines. Fageria and Barbosa Filho [75] further reported that variations in the number of leaves of the dry bean are due to genetic differences. Moreover, the favorable environmental conditions for early sown crops could encourage the uptake of nutrients and increased photosynthesis in plants, which could lead to higher dry matter accumulation per plant and ultimately result in a higher number of leaves per plant [76].



In the current study, the response of lablab leaf chlorophyll content did not vary when superphosphate was applied at different levels as well as B. japonicum inoculant treatments and control. Interestingly, at day 37, the control (T1) was found to significantly have the highest leaf chlorophyll content compared to the other treatments (T2–T8). Similar to our results, Olivera et al. [77] reported that the higher leaf chlorophyll content has been associated with deprived phosphorus relative to those fed with phosphorus in common bean (Phaseolus vulgaris). The above findings suggest the possibility that leaf chlorophyll content might be assumed to be less affected by the phosphorus and/or B. japonicum inoculant. In addition, similar results were observed in a study by Islam et al. [73] on dry beans grown without phosphorus, which resulted in significantly higher leaf chlorophyll content than dry beans fertilized with various phosphorus rates. Our findings concur with the findings by Shafeek et al. [78], who reported that pea plants, which had been supplied with 0 kg P/ha−1 and potassium fertilizers in the chemical form, had higher values of chlorophyll and carotene content.



Moreover, in our study, it was observed that control plants exhibited a dark green color, which could be visually distinguishable relative to plants supplemented with single superphosphate and B. japonicum inoculant, which had a yellowish leaf color. The above observation is supported by Yamashita et al. [79] that the dark green color on the leaves is associated with high leaf chlorophyll content, while the yellow leaves could be a symptom of low chlorophyll content. As the growth progressed at day 73, the leaf chlorophyll content was not significantly different between the control and other treatments and exhibited a dark green color uniformly across the treatments. Leaf chlorophyll has been reported to be strongly associated with N leaf status [80,81], and therefore farmers can estimate the N requirement for plant growth using a chlorophyll meter or by mere observation of the leaf color, which has a strong relationship with leaf chlorophyll content [79,82].



Furthermore, Pavlovic et al. [83] reported that the chlorophyll pigment in plants is responsible for converting absorbed light energy into organic compounds during photosynthesis. In legumes, leaves are not only vital for their role in photosynthesis, but they are also in a reciprocal sink-to-source association with nodules for N; therefore, sufficient photosynthesis activity is important in aiding metabolic activities in the nodules linked to N assimilation and thus N fixation [84,85].



The insignificant variations in growth parameters across the different levels of superphosphate could be due to the limited P absorption by the roots that might have occurred during the release of P from the soil into the soil solution, which could not be absorbed by the roots [7]. It has been reported that lablab begins to bear pods approximately 60–65 days after sowing and continues for 90 to 100 days [17]. Interestingly, in the current study, it was observed that cultivating lablab in the greenhouse could have hindered the flowering stage and/or formation of pods, although the experiment had run for 5 months.




5. Conclusions


It is assumed that the insignificant variations in growth parameters across the different levels of superphosphate might be due to the limited absorption of phosphorus by the roots. Lablab cultivation would be beneficial in the replacement of chemical fertilizers, which are highly cost-effective. As traditionally observed, an open field cultivation system in a lablab can be beneficial for pod formation, whereas a greenhouse-grown system can be useful for farmers whose yield target is leaves. By comprehending the adaptability of lablab, its nutrient requirements, and the response to specific soil characteristics, farmers can optimize lablab cultivation in savanna regions to unlock its full potential as a versatile, nitrogen-fixing, soil health amendment and a resilient crop that can easily grow with and/or without inoculant or supplemented with superphosphate.
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Figure 1. The application and coating of the lablab seeds with B. japonicum inoculant. 
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Table 1. Pre-lablab planting descriptive characteristics and properties of the savanna soils at Motshepiri village.
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	Soil Characteristics
	





	pH (H2O)
	4.88–5.28



	CEC (cmol(+)/kg)
	9.74



	Sand (%)
	66–72



	Silt (%)
	2–6



	Clay (%)
	24–30



	Textural class
	Sandy clay loam










 





Table 2. Comparison of nitrogen source on savanna soil pre-lablab versus post-lablab growth.
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	Total N (%)
	NO3− (mg/kg)
	NH4+ (mg/kg)





	Pre-lablab
	0.083 b
	3.67 b
	40.8 a



	Post-lablab
	
	
	



	T1 (Control)
	0.094 a
	9 a
	12.20 b



	T2 SP45 (45 kg/ha Superphosphate)
	0.092 ab
	7.6 a
	15.2 b



	T3 SP60 (60 kg/ha Superphosphate)
	0.087 ab
	6.97 a
	11.7 b



	T4 SP75 (75 kg/ha Superphosphate)
	0.088 ab
	7.55 a
	18.1 b



	T5 (Bradyrhizobium japonicum inoculant)
	0.086 ab
	3.53 b
	15.3 b



	T6 B + SP45 (Bradyrhizobium japonicum + 45 kg/ha of Superphosphate)
	0.091 ab
	8.35 a
	14.3 b



	T7 B + SP60 (Bradyrhizobium japonicum + 60 kg/ha of Superphosphate)
	0.088 ab
	7.05 a
	12.9 b



	T8 B + SP75 (Bradyrhizobium japonicum + 75 kg/ha of Superphosphate)
	0.088 ab
	7.76 a
	17.7 b



	s.e.d.
	0.0042
	1.163
	4.46



	LSD (5%)
	0.0086
	2.359
	9.05







The letters a, b in the same column denote statistical differences between means as predicted using Duncan’s multiple range test at a 5% probability level [7].













 





Table 3. Comparison of macronutrient content, cation exchange capacity, and soil pH of savanna soil pre- versus post-lablab growth.
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	Macronutrient Content
	P

mg/kg
	K

cmol(+)/kg
	Ca

cmol(+)/kg
	Mg cmol(+)/kg
	Na

cmol(+)/kg
	CEC

cmol(+)/kg
	pH (H2O)
	pH

(KCL)
	OC

(%)





	Pre-lablab
	15.87 d
	0.39 c
	1.15 b
	0.51 b
	0.04 c
	9.45 ab
	5.13 c
	4.27 b
	1.41 a



	Post lablab
	
	
	
	
	
	
	
	
	



	T T1 (Control)
	17.31 cd
	200.6 a
	332.6 a
	104.68 a
	38.1 ab
	9.54 ab
	5.65 ab
	4.86 a
	1.43 a



	TT2 SP45 (45 kg/ha Superphosphate)
	29.86 abc
	181.4 ab
	298.6 a
	97.92 a
	48.3 a
	11.77 a
	5.49 b
	4.66 a
	1.44 a



	TT3 SP60 (60 kg/ha Superphosphate)
	32.9 ab
	151 b
	291 a
	90.28 a
	35.86 ab
	8.22 ab
	5.54 ab
	4.68 a
	1.39 a



	T T4 SP75 (75 kg/ha Superphosphate)
	41.87 a
	176.2 ab
	332.8 a
	101.82 a
	45.34 ab
	8.1 ab
	5.56 ab
	4.75 a
	1.45 a



	TT5 (Bradyrhizobium japonicum inoculant)
	15.38 d
	191.4 a
	317 a
	103.58 a
	33.5 b
	8.92 ab
	5.81 a
	4.98 a
	1.41 a



	TT6 B + SP45 (Bradyrhizobium japonicum + 45 kg/ha of Superphosphate)
	26.3 cd
	156 b
	292.6 a
	96.78 a
	40.42 ab
	6.07 b
	5.53 ab
	4.72 a
	1.38 a



	T T7 B + SP60 (Bradyrhizobium japonicum + 60 kg/ha of Superphosphate)
	34.67 ab
	192.4 a
	312.6 a
	102.2 a
	44.7 ab
	7.33 ab
	5.56 ab
	4.79 a
	1.48 a



	TT8 B + SP75 (Bradyrhizobium japonicum + 75 kg/ha of Superphosphate)
	41 a
	184.4 ab
	328.4 a
	106.26 a
	36 ab
	7.73 ab
	5.57 bc
	4.75 a
	1.44 a



	s.e.d.
	6.16
	16.21
	29.21
	8.96
	7.76
	2.233
	0.1289
	0.139
	0.0503



	LSD (5%)
	12.49
	32.89
	59.25
	18.17
	15.73
	4.528
	0.2614
	0.287
	0.1020







The letters a, b, c and d in the same column denote statistical differences between means as predicted using Duncan’s multiple range test at a 5% probability level [7].













 





Table 4. Comparison of micronutrient content of savanna soil pre- versus post-lablab growth.






Table 4. Comparison of micronutrient content of savanna soil pre- versus post-lablab growth.














	Micronutrient Content
	Fe (mg/kg)
	Mn (mg/kg)
	Cu (mg/k)
	Zn (mg/k)
	B (mg/kg)
	Cl (mg/kg)





	Pre-lablab
	0.3 b
	31.1 b
	1.05 b
	2.53 a
	0.19 b
	5.7 b



	Post lablab
	
	
	
	
	
	



	T1 (Control)
	21.3 a
	45.6 ab
	1.23 a
	2.91 a
	0.704 a
	28.4 a



	T2 SP45 (45 kg/ha Superphosphate)
	14.92 a
	48.2 ab
	1.15 ab
	3.03 a
	0.818 a
	36.4 a



	T3 SP60 (60 kg/ha Superphosphate)
	15.6 a
	51.2 a
	1.14 ab
	2.87 a
	0.744 a
	31.9 a



	T4 SP75 (75 kg/ha Superphosphate)
	15.5 a
	50.2 a
	1.15 ab
	2.9 a
	0.692 a
	32.6 a



	T5 (Bradyrhizobium japonicum inoculant)
	16.36 a
	55 a
	1.23 a
	3.3 a
	0.744 a
	27.4 a



	T6 B + SP45 (Bradyrhizobium japonicum + 45 kg/ha of Superphosphate)
	14.14 a
	46.7 ab
	1.11 ab
	2.62 a
	0.628 a
	30.8 a



	T7 B + SP60 (Bradyrhizobium japonicum + 60 kg/ha of Superphosphate)
	15 a
	49.5 ab
	1.10 ab
	3.51 a
	0.842 a
	3.5 a



	T8 B + SP75 (Bradyrhizobium japonicum + 75 kg/ha of Superphosphate)
	15.16 a
	49.5 ab
	1.21 ab
	3.01 a
	0.642 a
	32.8 a



	s.e.d.
	3.432
	8.18
	0.0714
	0.1475
	0.1028
	4.29



	LSD (5%)
	6.961
	16.59
	0.1448
	0.964
	0.2085
	8.69







The letters a, b in the same column denote statistical differences between means as predicted using Duncan’s multiple range [7].













 





Table 5. Lablab plant height measured at different days in response to B. japonicum inoculant and different levels of single superphosphate.
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	Plant Height (cm)
	Day 14
	Day 21
	Day 30
	Day 37
	Day 52
	Day 73
	Day 80
	Day 90





	Treatments
	
	
	
	
	
	
	
	



	T1
	3.58 a
	5.87 a
	6.92 a
	7.92 ab
	11.90 b
	30.13 a
	67.15 a
	88.86 a



	T2
	3.52 a
	5.90 a
	6.70 a
	8.30 a
	11.89 b
	38.30 a
	62.07 a
	93.69 a



	T3
	3.21 a
	5.85 a
	6.95 a
	8.15 ab
	11.80 b
	33.45 a
	64.77 a
	89.42 a



	T4
	3.27 a
	5.96 a
	6.21 a
	8.39 a
	18.44 a
	31.19 a
	65.25 a
	96.96 a



	T5
	3.12 a
	5.72 a
	6.42 a
	6.82 b
	10.19 bc
	39.37 a
	48.30 a
	75.50 a



	T6
	3.44 a
	5.76 a
	6.82 a
	7.62 ab
	10.78 bc
	30.42 a
	63.17 a
	78.08 a



	T7
	3.31 a
	5.49 a
	6.95 a
	7.95 ab
	12.09 b
	32.00 a
	61.51 a
	90.60 a



	T8
	3.00 a
	5.56 a
	6.35 a
	6.95 b
	9.97 bc
	27.48 a
	56.46 a
	78.23 a



	SED
	0.27
	0.56
	0.53
	0.59
	3.21
	7.14
	41.92
	60.78



	LSD (5%)
	0.55
	1.13
	1.07
	1.19
	6.53
	14.55
	85.39
	123.80







The letters a, b and c in the same column denote statistical differences between means as predicted using Duncan’s multiple range test at a 5% probability level.













 





Table 6. Lablab leaf area was measured on different days in response to B. japonicum inoculant and levels of single superphosphate.
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	Leaf Area (cm2)
	Day 14
	Day 21
	Day 30
	Day 37
	Day 52
	Day 73
	Day 80
	Day 90





	Treatments
	
	
	
	
	
	
	
	



	T1
	15.09 ab
	12.72 ab
	15.97 a
	32.69 a
	43.86 a
	43.88 a
	44.96 a
	43.63 a



	T2
	15.71 a
	16.62 a
	17.18 a
	33.94 a
	44.19 a
	45.64 a
	46.69 a
	45.57 a



	T3
	14.47 ab
	14.37 ab
	15.90 a
	34.98 a
	40.86 a
	43.10 a
	41.43 a
	42.96 a



	T4
	15.02 ab
	10.43 b
	15.40 a
	32.29 a
	41.72 a
	44.08 a
	44.01 a
	43.88 a



	T5
	10.80 b
	10.43 b
	12.36 a
	30.43 a
	37.22 a
	39.73 a
	40.01 a
	37.47 a



	T6
	13.97 ab
	13.17 ab
	15.58 a
	33.80 a
	40.43 a
	44.91 a
	42.58 a
	44.78 a



	T7
	14.70 ab
	15.33 ab
	14.36 a
	30.56 a
	41.61 a
	43.46 a
	43.73 a
	43.42 a



	T8
	11.14 b
	10.88 b
	12.24 a
	29.73 a
	36.04 a
	41.58 a
	37.92 a
	38.14 a



	SED
	1.900
	2.082
	2.788
	2.943
	4.734
	3.719
	5.270
	60.777



	LSD (5%)
	3.870
	1.55
	1.19
	1.19
	6.53
	14.55
	85.39
	123.80







The letters a, b in the same column denote statistical differences between means as predicted using Duncan’s multiple range test at a 5% probability level.













 





Table 7. Lablab number of leaves measured at different days in response to B. japonicum inoculant and different levels of single superphosphate.
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	Number of Leaves
	Day 14
	Day 21
	Day 30
	Day 37
	Day 52
	Day 73
	Day 80
	Day 90





	Treatments
	
	
	
	
	
	
	
	



	T1
	1.95 a
	4.95 a
	7.65 a
	8 a
	10.95 a
	12.75 a
	17.25 a
	21 a



	T2
	2.00 a
	4.80 a
	8.00 a
	8 a
	10.20 a
	13.00 a
	16.70 a
	21 a



	T3
	1.95 a
	4.60 a
	7.50 a
	8 a
	10.45 a
	12.60 a
	16.75 a
	22 a



	T4
	1.95 a
	4.85 a
	7.55 a
	8 a
	11.25 a
	12.40 a
	17.80 a
	23 a



	T5
	1.90 a
	4.50 a
	6.20 b
	7 a
	9.85 a
	11.40 a
	14.60 a
	19 a



	T6
	1.95 a
	5.00 a
	7.55 a
	8 a
	11.20 a
	13.00 a
	18.00 a
	24 a



	T7
	2.00 a
	4.70 a
	7.80 a
	8 a
	11.40 a
	12.60 a
	17.40 a
	22 a

