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Abstract

:

The on-farm mother–baby trial experimental approach was employed to evaluate the performance of elite groundnut genotypes on farmers’ fields in the Guinea savannah agroecology of Ghana in the 2020 and 2021 cropping seasons. Analysis of the data from the mother trial revealed significant (p < 0.05) genotypic differences for the traits measured over the two years. The genotype ICGV-IS 13842 reached physiological maturity in 88 days and was identified as the genotype with the shortest maturity period. However, in terms of pod yield and its associated components, genotype ICGV-IS 13864 emerged as the best from the mother trial. During farmer evaluation of the materials, genotype ICGV-IS 13979 was selected as the most preferred in addition to genotypes ICGV-IS 13864 and ICGV-IS 131090. The genotypes ICGV-IS 13864 and ICGV-IS 131090 were observed to combine both high pod yield and high haulm yield. These two traits were identified as very important by the farmers who participated in the study as the haulms serve as fodder for their animals and fetch additional household income when sold with the pods harvested. The preference for genotype ICGV-IS 13842, an early maturing genotype, can be seen as an indication of farmers responding to the changing growing season due to erratic rainfall. However, if genotypes ICGV-IS 13864 and ICGV-IS 131090 are combined with some water management practices in the future, they could potentially withstand the changing growing season. Economic analysis showed that the improved genotypes had a greater net return on investment and higher cost–benefit ratio ranging from 2.74 to 4.84 across both years.






Keywords:


groundnut; improved genotype; participatory; on-farm; pod yield












1. Introduction


Groundnut is an important annual leguminous crop that is a rich source of edible oil (50%), protein (25–28%), and carbohydrates (20%) worldwide [1]. It is globally known as the fourth oilseed crop, the third most significant source of vegetable protein after soybean, and the thirteenth most important food crop [2]. The global production area and average yield of groundnut are reported to be 25.34 million hectares and 1.68 mt/ha, respectively [3]. It is a key crop rotation component in many sub-Saharan countries [4]. In Ghana, groundnut is one of the most important legumes that partly contributes to the agricultural share of the Gross Domestic Product (GDP) [5]. Ghana has had an average annual groundnut production of 500,000 tonnes in recent decade [6]. Additionally, statistics show that in 2016, the area planted to groundnut in Ghana was 327,000 hectares, with an annual production of 426,000 tonnes [7]. Although groundnut is grown throughout Ghana, it is mostly produced in the Guinea savannah zone, which accounts for about 94% of the national production [8]. In Ghana, particularly in the northern part, groundnut cultivation is vital for ensuring food security and meeting the nutritional needs of people across all social classes. Additionally, it plays a significant role in creating employment opportunities and thereby improving the living standards of small-scale farmers who have limited resources [9].



Groundnut is not only highly nutritious, but it also enhances soil fertility by fixing atmospheric nitrogen into the soil [10,11]. Additionally, groundnut haulms are a rich source of feed for both livestock and poultry [12,13]. Despite being a significant source of livelihood, the yields of groundnut are usually low due to a combination of factors such as the use of unimproved varieties, diseases, pest infestation, low soil fertility, unreliable rains, and limited access to technology by small-scale farmers [14]. Farmers usually achieve an average yield of 1.5 MT/ha compared to the potential yield of 2.5 MT/ha [15]. Since there is inadequate seed availability of improved varieties, farmers recycle seeds, which further exacerbates the situation [16]. One of the possible solutions to increase the production and productivity of groundnut-based cropping systems in Ghana, especially in the Guinea savannah zone, is to provide farmers with access to improved varieties. However, if research institutes in Ghana develop improved varieties that are high-yielding, high in protein and oil, and drought-tolerant without considering farmers’ perceptions and preferences for a particular variety, this could result in low adoption rates and difficulties in disseminating the varieties.



As per a report published in [17], varietal evaluation and decisions solely by researchers have not resulted in the expected pace of variety release or their dissemination afterward. The report further stated that classical plant breeding faces two major hurdles while developing new materials and extending them to farmers. Firstly, new varieties can be a letdown to farmers if undesirable traits go undetected during the breeding process. Secondly, breeders often discard many crosses and varieties during the selection process because of traits considered undesirable; however, these traits may be of interest to farmers. Therefore, it is important to involve farmers in the introduction of new varieties, in addition to on-farm trials, to effectively evaluate and select new varieties and other technologies [18,19]. To achieve this, the study used participatory variety selection as a tool to select preferred groundnut genotypes. The objective of this study was to evaluate and identify high-yielding groundnut genotypes, assess farmers’ preferences for the genotypes, and determine the economic returns of each of the genotypes. It was hypothesized that participatory varietal selection leads to faster dissemination and adoption of improved varieties.




2. Materials and Methods


2.1. Description of the Study Area


On-farm evaluations of groundnut genotypes were conducted using mother (researcher-managed) and baby (farmer-managed) [20] trial design during the 2020 and 2021 cropping seasons at Tamale Metro and Sagnerigu District of the Northern region under rainfed conditions. The Northern region (9.5439° N, 0.9057° W, 132 m above sea level) is in the Guinea savannah agro-ecological zone of Ghana. The Guinea savannah zone covers over 40% of the entire land area of Ghana and is characterized by high temperatures and low humidity for most parts of the year [21]. The climate is warm and semi-arid, with a mono-modal annual rainfall of 900–1200 mm between May/June and October. The area is also characterized by a long and windy dry season (harmattan), which usually begins in November and lasts until April.



The predominant soils are sandy loam (classified as Typic-plinthic Paleustalf) according to the (United States Department of Agriculture Soil Taxonomy) by texture within the 0–30 cm soil depth. The soil is inherently low in terms of natural fertility and has a low moisture retention capacity. On average, the soils in the region have a pH of 6.21 (1:1 H2O), 1.09% organic matter, 0.05 mg/kg total N, 0.14 mg/kg exchangeable K, and 7.23 mg/kg available P (Bray-1 P) [22].




2.2. Treatments, Experimental Design, Experimental Materials, Land Preparation, and Field Management


The locations used for the baby trials were Kulaa, Gbalahi Sanga and Wovogu, Futa, Labariga in the Sagnerigu District and Yong-Dakpemyili, Bamvim, Zorbogu in the Tamale Metro. Farmers’ selection was based on the representativeness of most smallholder farmers and their ability to disseminate the information to other farmers. The mother trial was laid out in a randomized complete block design (RCBD) with three replications in the Sagnerigu District. A plot size of 4 m × 4 m was used. The planting distance was 40 cm between rows and 15 cm between plants, with one seedling per stand, resulting in a recommended plant population of 166,600 plants per hectare. The genotypes evaluated were ICGV-IS 09926, ICGV-IS 13979, ICGV-IS 13937, ICGV-IS 131090, ICGV-IS 13864, ICGV-IS 13842, and the farmers’ variety. These genotypes were selected for their pod and haulm yield from different breeding populations developed for the Guinea savannah zone of Ghana. The field was plowed and harrowed using a tractor, after which the mother trial was planted on 27 May 2020 and 26 May 2021. A pre-emergence herbicide (Pendimethalin) was applied at the rate of 2.5 L ha−1 immediately after planting. Triple Super Phosphate (TSP) was applied in the form of P2O5 at the rate of 60 kg/ha within 10 days after sowing. Sulfur and calcium nutrition and soil conditioning, Omya Calcipril™ (Omya (Schweiz) AG, Oftringen, Switzerland), were applied at the rate of 200 kg/ha before 30 days. Each baby trial consisted of one genotype planted alongside a farmers’ variety on a plot size of 2.4 m × 2.4 m, and replication was conducted across 24 farmers. The baby trials were planted in each of the six locations between 25 May and 30 June in both years.




2.3. Data Collection and Analysis


2.3.1. Researcher-Managed Agronomic Data


Data taken from the researcher-managed (mother trial) trial included plot establishment two weeks after planting, the number of plants at harvest, days to 50% flowering, days to physiological maturity, number of pods per plant, number of seeds per pod, dry pod, and haulm yield, hundred-seed weight, and harvest index. The pod and haulm yields were obtained by weighing sun-dried pods and haulms harvested from the two inner rows. The weights recorded were converted to kilograms per hectare (kg/ha). A 200 g composite sample was taken from the quantity mixed in each plot and analyzed for soil texture and pH in water using a soil-to-water ratio of 1:2.5 [23]. The total nitrogen of soil from the experimental plot was determined by using the Kjeldahl distillation and titration method [24]. Available phosphorus was measured using the Bray and Kurtz method [25]. Exchangeable potassium was determined using flame photometry PFP7 after extraction with ammonia acetate. Organic carbon was determined by using the wet digestion method [26] before planting was completed.




2.3.2. Farmer Field Days, Farmer Participatory Evaluation, and Data Analysis


Field days were organized about eighty days after planting in both years to give farmers an opportunity to provide feedback on the performance of the evaluated genotypes. The Department of Agriculture (DoA) facilitated the organization of these field days by mobilizing farmers to the trial sites. During the event, the research team explained the objectives and methodology used for the trials and asked farmers to evaluate the plots one at a time. Farmers were tasked with choosing which genotype/plot they preferred. Farmers compared each genotype against the others. They selected the treatment they preferred the most and the one they considered the least. Farmers assessed each genotype based on the following traits: plant stand, number of days to maturity, pod and haulm yield, number of matured pods per plant, and seed size. Farmers’ opinions and perceptions of the varieties were assessed using pairwise ranking, resulting in an overall ranking on a scale of 1–7 (1 = highly preferred and 7 = least preferred). Quantitative data were analyzed using Agricolae Package Version 1.4.0 software [27] in R statistical software. Pearson’s correlation was used to determine the relationships between pod yield and the other traits using corrplot in R statistical software. To understand the contribution of each trait to the total variation observed among the genotypes, a principal component analysis and cluster analysis was performed using Hierarchical Clustering on Principal Components function of the FactoMine [28] in R statistical software version 4.2.2. Treatment means were separated using the least significant difference (LSD) at 5% probability.





2.4. Economic Analysis


Economic analysis was performed to compare the profitability of producing different sets of groundnut genotypes in the semi-arid agroecology of northern Ghana using the same inputs across different locations. The economic analysis was based on a partial budgeting approach, given that not all the input costs were extensively captured. The crop partial budget technique was used to estimate the cost of production, revenue, gross margins, net revenue, and the benefit–cost ratio of groundnut genotypes to compare their profitability. However, the net return and benefit–cost ratio are presented in this study. The cost of all recommended variable inputs used in the study was considered. Crop (unshelled groundnut) prices and all input prices were surveyed in the study area using seasonal averages that prevailed in the study area during the cropping seasons. The value of the groundnut was taken at harvesting periods and, therefore, there was no cost borne for storage. The variable costs were the real input prices paid by farmers each year, which comprised the cost of planting material, weeding, harvesting, carting, and land preparation, as well as the field cost of fertilizer and weedicides purchased. Net returns or total benefit per hectare were then calculated as the difference between the gross income and total variable costs. The benefit–cost ratio was computed for comparison.


B/C = TB/TVC








where,



	
B/C—Benefit Cost Ratio



	
TB—Total Benefit



	
TVC—Total Variable Cost






When the B/C ratio is = 1.8, it implies that for each USD 1 invested in an enterprise, the farmer will recover their USD 1, plus an extra GHS 0.8 as a net benefit. All other things being equal, farmers should be willing to accept a variety if the B/C ratio of that variety is greater than the minimum acceptable B/C rate of 1 (B/C > 1). An enterprise with a ratio greater than 1 (B/C > 1) is economically profitable.





3. Results


3.1. Baseline Soil Analysis


Soil analysis was conducted prior to planting at the mother trial experimental site in both 2020 and 2021. The analysis showed that in 2020, the soil was sandy silt with a pH of 5.80, 0.16% total nitrogen, 16.82 mg kg−1 available phosphorus, 63 mg kg−1 potassium, and 1.76% organic carbon. In 2021, the soil was sandy silt with a pH of 5.68, 0.14% total nitrogen, 15.82 mg kg−1 available phosphorus, 54 mg kg−1 potassium, and 1.52% organic carbon. Planting in both years started late in May due to the delayed onset of the rainy season.




3.2. Analysis of Variance


Significant differences (p < 0.05) were observed among the genotypes evaluated in the mother trial for various parameters such as plant establishment (measured two weeks after planting), number of plants at harvest, days to 50% flowering, days to physiological maturity, number of pods per plant, pod yield, haulm yield, hundred-seed weight, and harvest index in both the 2020 and 2021 cropping seasons. However, the number of seeds per pod was not found to be significantly different in 2020 (Table 1 and Table 2).




3.3. Relationship among Traits


To analyze the relationship between pod yield and other traits observed in the study, we calculated the Pearson correlation coefficient for each year. The results are presented in Figure 1. The number of plants that were established at 2 WAP exhibited a highly significant positive correlation (r = 0.755 ** in 2020, r = 0.786 ** in 2021) with the number of plants that were harvested. Days to 50% flowering also showed a highly significant positive correlation with days to maturity (r = 0.564 ** and r = 0.709 ** for 2020 and 2021, respectively). The results also revealed that traits such as number of plants established at 2 WAP, number of plants at harvest, days to 50% flowering, days to maturity, and the number of seeds per pod were negatively correlated with pod yield in 2020. In both years, a consistently significant association was observed between pod yield and the number of matured pods per plant, hundred-seed weight, and harvest index. In 2021, it was observed that all the traits measured were positively correlated to pod yield except days to physiological maturity (Figure 1). In terms of magnitude, the highest correlation coefficient was observed between pod yield and harvest index (r = 0.755 **), followed by pod yield and number of matured pods per plant (r = 0.697 **) in 2020. Again, pod yield and hundred-seed weight (r = 0.596 **) and pod yield and haulm yield (r = 0.360 *) followed in that order in the same year. In 2021, the highest correlation coefficient was observed between pod yield and hundred-seed weight (r = 0.710 **), followed by pod yield and number of matured pods per plant (r = 0.665 **) and pod yield and harvest index (r = 0.083 **).




3.4. Performance of the Genotypes


3.4.1. Number of Plants Established Two Weeks after Planting


Significant differences were observed among the genotypes for plant establishment. In the 2020 cropping season, farmers’ variety (F.V) was observed to have 123,958 plants/ha emerging two weeks after planting. This value was the highest number observed, but it did not differ statistically from genotypes ICGV-IS 09926 (121,667 plants/ha), ICGV-IS 13979 (1,204,167 plants/ha), and ICGV-IS 13937 (119,792 plants/ha) (Figure 2). Genotype ICGV-IS 13864 was observed to have the poorest plant stand of 103,542 plants/ha. With an average of 120,982 plants/ha emerging in the 2021 cropping season, emergence among the varieties was generally higher in 2021 than in the 2020 cropping season. In the 2021 cropping season, the number of plants emerging from the farmers’ variety two weeks after planting was 113,750 plants/ha, which is lower than that recorded in 2020. Genotypes ICGV-IS 13979 and ICGV-IS 131090 had 126,667 and 124,792 seedlings emerging two weeks after planting in 2021, respectively.




3.4.2. Days to 50% Flowering


Significant differences (p < 0.05) were observed among the genotypes evaluated in this study in both growing seasons. In the 2020 growing season, genotype ICGV-IS 13842 was the first to reach 50% flowering with an average of 25.6 days, followed by genotypes ICGV-IS 13979, ICGV-IS 13937, ICGV-IS 13864, and ICGV-IS 131090 (Figure 2). Genotype ICGV-IS 09926 took the longest period (28 days) to flower, followed by the farmers’ variety. A similar trend was observed during the 2021 growing season, where genotype ICGV-IS 13842 reached 50% flowering earlier in 23.3 days, whereas genotype ICGV-IS 09926 took the longest mean period (28 days). Generally, the genotypes reached 50% flowering earlier in the 2021 growing season compared to the 2020 growing season.




3.4.3. Days to Physiological Maturity


Harvesting groundnuts at the correct time is crucial for successful postharvest handling and expression of traits like high oleic acid. In both years, significant differences (p < 0.05) were observed among the genotypes (Figure 3). During the 2020 cropping season, it took between 87 and 104 days after planting for the crops to reach physiological maturity. The genotype ICGV-IS 13842 was the first to reach maturity in 87 days, while genotype ICGV-IS 09926 was the last to reach maturity in 104 days. During the 2021 cropping season, physiological maturity was achieved earlier compared to 2020, with a range of 88–100 days after planting. Like the trend observed in the 2020 cropping season, genotype ICGV-IS 13842 reached physiological maturity earliest, while ICGV-IS 09926 reached the same stage latest.




3.4.4. Number of Plants at Harvest


During the 2020 cropping season, the farmers’ variety had the highest number of plants at harvest, with 120,000 plants per hectare. This result was significantly different from the other genotypes, except for ICGV-IS 13979, with 117,083 plants per hectare; ICGV-IS 09926, with 116,875 plants per hectare; and ICGV-IS 13937, with 116,042 plants per hectare, as shown in Figure 3. Genotype ICGV-IS 13864 had a significantly lowest number of plants at harvest (107,292 plants/ha) but was statistically similar to genotypes ICGV-IS 13842 (111,458 plants/ha) and ICGV-IS 131090 (108,750 plants/ha). In the 2021 growing season, genotypes ICGV-IS 13979 and ICGV-IS 13937 had significantly more plants at harvest than the other genotypes. Farmers’ variety had significantly fewer plants at harvest.




3.4.5. Number of Pods per Plant


During the 2020 cropping season, the genotype ICGV-IS 13864 produced significantly more pods per plant (32.3 pods) than the other genotypes and the farmers’ variety, except for genotype ICGV-IS 13979 (30.8 pods) (Figure 4). The lowest number of pods per plant (20.5 pods) was recorded in relation to genotype ICGV-IS 13937 (Figure 4). However, in the 2021 cropping season, genotype ICGV-IS 13979 produced more pods per plant (30 pods), which was followed by genotype ICGV-13864 (29.7). Genotype ICGV-IS 13937 produced significantly fewer pods per plant (19.3), which was followed closely by the farmers’ variety (20 pods).




3.4.6. Number of Seeds per Pod


The number of seeds per pod ranged from 1.8 to 2.1 in the 2020 cropping season. However, there was no significant difference observed among the genotypes in that year. In the 2021 cropping season, significant differences were observed among the genotypes in this study (Figure 4). Among the genotypes, ICGV-IS 13979 significantly had the highest number of seeds per pod (2.2 seeds), whereas genotype ICGV 09926 obtained the lowest number of seeds per pod (1.8 seeds) during the 2021 cropping season. However, apart from genotype ICGV 09926, there was no significant difference between all the genotypes and the farmers’ variety.




3.4.7. Dry Pod Yield


During the 2020 cropping season, the highest pod yield of 4693.6 kg/ha was observed in the genotype ICGV-IS 13864, and this was significantly higher than pod yields of genotypes ICGV-IS 13842 (3753.1 kg/ha), ICGV-IS 13937 (3446.8 kg/ha), ICGV-IS 09926 (3436.4 kg/ha) and farmers’ variety (3236.5 kg/ha). However, it was statistically similar with genotypes ICGV-IS 13979 (4488.0 kg/ha) and ICGV-IS 131090 (4479.9 kg/ha). Farmers’ variety significantly produced the lowest pod yield compared to all the genotypes evaluated (Figure 5). In the 2021 cropping season, genotype ICGV-IS 13979 obtained the highest pod yield of 4658.5 kg/ha. However, it did not differ significantly from genotypes ICGV-13864 (4401.6 kg/ha) and ICGV-IS 131090 (3975.2 kg/ha). Significantly, the farmer’s variety obtained the lowest pod yield of 2936.5 kg/ha.




3.4.8. Haulm Yield


Significant differences were observed between the test genotypes and the farmers’ variety. Genotype ICGV-IS 13864 (3367.7 kg/ha) significantly outyielded genotypes ICGV-IS 13979 (3020.7 kg/ha), ICGV-09926 (3030.4 kg/ha) and ICGV-IS 13937 (2467.8 kg/ha) during 2020 cropping season, with the farmers’ variety significantly obtaining the lowest haulm yield of 2603.1 kg/ha (Figure 5). In the 2021 cropping season, genotype ICGV-IS 131090 had the highest haulm yield of 3349.1 kg/ha; however, it was statistically similar to genotypes ICGV-09926 (3129.5 kg/ha), ICGV-13864 (3103.1 kg/ha) and ICGV-IS 13842 (3086.8 kg/ha). Significantly, genotype ICGV-IS 13937 obtained the lowest haulm yield of 2489.1 kg/ha.




3.4.9. Hundred-Seed Weight


During the 2020 growing season, genotype ICGV-IS 13979 produced significantly heavier seeds of 44 g than all the other genotypes except for genotype ICGV-IS 13864 (42 g). Significantly, the lightest seed (34 g) was produced by the farmers’ variety, and it was significantly different from all the genotypes evaluated (Figure 6). A similar trend was observed during the 2021 growing season, whereby genotype ICGV-IS 13979 Significantly produced the heaviest seeds (46 g) but was statistically at par with genotype ICGV-IS 13864 (44 g) whereas the lightest seeds were obtained from the farmers’ variety (33.7 g).




3.4.10. Harvest Index


In the 2020 growing season, the genotype ICGV-IS 13979 had the highest harvest index of 0.60. However, genotypes ICGV-IS 13937, ICGV-IS 131090, and ICGV-IS 13864 also had statistically similar harvest indexes of 0.58. The farmers’ variety had the lowest harvest index of 0.51, which was significantly lower than all the other genotypes (Figure 6). Similarly, in the 2021 cropping season, the genotype ICGV-IS 13979 had the highest harvest index of 0.61, which was significantly higher than the harvest indexes of all other genotypes except for genotypes ICGV-IS 13937 (0.58) and ICGV-IS 13864 (0.59). Again, the farmers’ variety had the lowest harvest index of 0.53.




3.4.11. Principal Component Analysis and Cluster Analysis


The morphological data were subjected to principal component analysis (PCA) to identify traits that revealed the most variation among the genotypes. Principal components (PC) one, two, and three contributed 41.65%, 27.84%, and 19.18%, respectively, to the total variation (Supplementary Table S1). Cumulatively, PC one and two accounted for 69.49% of the total variation observed among the genotypes, while principal components one to three accounted for 86.68% (Supplementary Table S1). The PCA biplot revealed how the variances of the traits were associated, with traits within the same quadrant having a degree of association (Figure 7). The dendrogram of hierarchical cluster analysis grouped the genotypes into four clusters indicated by the different coloration (Figure 8).




3.4.12. Ranking of the Genotypes


During the physiological maturity stage of groundnuts, a field day was held where a total of 87 farmers, consisting of 51 males and 36 females, were present. These farmers included those who participated in the trials and those who did not. They shared their opinions on the performance of the genotypes. The key criteria used by the farmers to select and rank the genotypes, in order of importance, were pod yield, seed size, earliness, haulm yield, number of pods per plant, and plant stand. Table 3 presents the results of the evaluation conducted by farmers. Most farmers ranked ICGV-IS 13937 as the top genotype for a good plant stand, followed by ICGV-IS 13979 and ICGV-IS 09926. On the other hand, ICGV-IS 13864 was ranked seventh in this regard. In terms of earliness, ICGV-IS 13842 was ranked first by the farmers, followed by ICGV-IS 13937 and ICGV-IS 13864. Farmers’ variety and ICGV-IS 09926 were ranked lowest, at sixth and seventh, respectively. Most farmers ranked ICGV-IS 13979 as the most preferred variety in terms of pod yield, followed by ICGV-IS 13864 and then ICGV-IS 131090. The farmers’ variety was ranked last, followed by ICGV-IS 09926. Based on haulm yield, most farmers ranked ICGV-IS 131090 as the top performer, followed by ICGV-IS 13842 and ICGV-IS 13979. ICGV-IS 13937 and the farmers’ variety were rated sixth and seventh, respectively. In terms of the number of pods per plant, ICGV-IS 13979 was ranked first by most farmers, followed by ICGV-IS 13864 and ICGV-IS 131090. According to farmers, the genotypes with the least number of pods per plant were ICGV-IS 09926 and ICGV-IS 13937. When it comes to seed size, most farmers preferred ICGV-IS 13979, followed by ICGV-13864 and then ICGV-IS 13842. The farmers’ variety was ranked last, followed by ICGV-IS 13937. The overall ranking of genotypes by the farmers was as follows: ICGV-IS 13979 > ICGV-13864 > ICGV-IS 131090 > ICGV-IS 13842 > ICGV-IS 13937 > ICGV 09926 > farmer’s variety.




3.4.13. Economic Analysis


Table 4 provides a detailed economic analysis of the different genotypes included in this study. The analysis is based on the field yields of the varieties over two consecutive years (2020 and 2021). In addition, Table 4 outlines the total variable cost of production and net returns from the different varieties. It is worth noting that the farmers’ variety produced a field yield of 3236.53 kg ha−1 in 2020 and 2966.28 kg ha−1 in 2021. Given a total variable cost of USD 725.45 in the year 2020 and USD 699.15 in the year 2021, the farmer variety recorded a net return of USD 1643.09 in 2020 and USD 1717.48 in 2021, with benefit–cost ratios of 2.27 and 2.45. The values recorded for the farmers’ variety were the lowest among the test genotypes. Genotype ICGV-IS 09926 recorded a net return of USD 1790.54 in 2020 and USD 2269 in 2021, with a benefit–cost ratio of 2.40 and 3.25, respectively. ICGV-IS 13864 recorded the highest field yield of 4693.67 kg ha−1 in 2020 and the second highest field yield of 4401.5 kg ha−1 in 2021. In addition, the genotype also generated a net return of USD 2710.99 and USD 2881.77, respectively, with a benefit–cost ratio of 3.74 and 4.12. On the other hand, ICGV-IS 13979 recorded the highest field yield of 5022.48 kg ha−1 in the second year and generated a net return of USD 2560.44 in 2020 and USD 3386.93 in 2021 with a benefit–cost ratio of 3.53 and 4.84.






4. Discussion


An analysis of variance (ANOVA) indicated that genotypes ICGV-IS 13842 and ICGV-IS 13937 took a shorter time to reach 50% flowering and physiological maturity compared to the other genotypes and the farmers’ variety. The number of days it took to reach 50% flowering was also positively correlated with the number of days it took to reach physiological maturity. This means that genotypes that flower early can also reach physiological maturity early. Flowers are the fundamental reproductive unit essential for the growth of all seed crops. Early onset of flowering is a key component of early maturity, as mentioned by [29,30]. Farmers ranked genotypes ICGV-IS 13842 and ICGV-IS 13937 first and second, respectively, in terms of earliness. Interestingly, the ANOVA result also ranked them first and second, respectively. According to [11,31], adopting early maturing genotypes is one way to mitigate the negative impact of climate change. As a result, breeders have recognized the need to develop such genotypes given the increased shortening of the growing season in the Guinea savannah agroecology. Additionally, they recommended developing and promoting short-duration improved varieties among smallholder farmers, who are mostly affected by the long dry spells in Northern Ghana. Moreover, farmers overwhelmingly desire to adopt early maturing genotypes, which can give them another window of opportunity to plant another crop after harvesting groundnuts. They further explained that, in the North, groundnuts are usually grown early in the season, and if early maturing genotypes are used, the land can be used again for cultivating a late-season crop, such as cowpea.



As per [11], the weight of 100 seeds determines the size of groundnut seeds. The study revealed that genotype ICGV-IS 13979 had heavier seeds and maintained a higher plant establishment rate until harvesting. This finding confirms that reported by [32], who found that seedling vigor was lower in shriveled and small seeds than in bigger ones. Larger and heavier seeds tend to utilize cotyledonary reserve faster, which leads to faster stem elongation and accumulation of root and shoot dry weight, as per [33]. Additionally, [34] reported that larger seeds perform better due to the greater amount of nutrients available to the embryo. Likewise, refs. [35,36,37] found that seedlings from large, heavy seeds are more vigorous and stress-tolerant than those from small, light seeds. They also discovered that Hysyn 110 and Fairview had a 5% higher plant establishment rate than AC Boreal, which had the lowest seed weights. However, apart from the number of plants established two weeks after planting and at harvest in 2021, hundred-seed weight had a negative correlation with plant establishment rate. Genotypes ICGV-IS 13979 and ICGV-13864 were preferred by farmers due to their bigger seed sizes, which are easier to market and process.



The study found that genotype ICGV-IS 13864 produced the highest pod yields, followed by genotype ICGV-IS 13979. This was due to the higher number of pods per plant, higher number of seeds per pod, and higher 100-seed weight observed in these genotypes. Similar findings were also reported by previous studies [38,39,40], which highlighted thousand-kernel weight as the main variable affecting yield in response to cultivar improvement.



Correlation analysis in this study revealed that pod yield was highly and positively associated with the number of pods per plant and 100-seed weight, indicating that these were the major traits contributing to high pod yield. This result agrees with the work conducted by [41], which found a significant and positive correlation between the number of pods per plant, 100-seed weight, and seed yield. Farmers ranked genotypes ICGV-IS 13979, ICGV-IS 13864, and ICGV-IS 131090 as their most preferred in terms of pod yield. However, the analysis of pod yield data from the mother trials ranked genotypes ICGV-IS 13864, ICGV-IS 13979, and ICGV-IS 131090 as the top performers for pod yield in descending order. The first three components of the PCA explained over 80% of the variation observed among the genotypes. This is indicative that the genotypes evaluated were diverse enough for the traits under consideration and, therefore, selecting among them will be efficient for the traits required by farmers. According to the biplot, the number of matured pods per plant, pod yield, and number of plants harvested were the most discriminating as they had the longest axis projected from the origin. Farmers’ ranking of genotypes ICGV-IS 131090, ICGV-IS 13864, and ICGV-IS 13842 as their most preferred with regard to the haulm yield agreed with the results from the mother trial. Furthermore, genotypes ICGV-IS 13864 and ICGV-IS 131090 combined high haulm yields with high pod yield. In a previous study reported by [11], it was suggested that groundnut varieties that combine high haulm yield with high pod yield are very desirable for farmers in the Guinea savannah agroecology of Ghana. In earlier work by [42,43], they enumerated the importance of groundnut haulms in the Guinea savannah agroecology of Ghana and stated that farmers use them for feeding livestock. They contain high amounts of nitrogen, which has the potential to improve soil fertility when incorporated into the soil.



The genotype ICGV-IS 13979 had the highest harvest index (HI), which is the ratio of economic yield and biological yield. This can be attributed to its ability to direct more photosynthates to harvestable seeds, resulting in higher pod yield. Similar observations were made by [44], who reported that high-yielding varieties generally have a higher harvest index than lower-yielding ones among sweet potato landraces. Different authors have indicated that yield improvement is associated with increasing harvest index and have pointed out that the major cause of low crop yield is a low crop harvest index, and vice versa [45,46]. In this study, there was a strong and positive correlation between harvest index and pod yield, suggesting that harvest index might have contributed to yield improvement and could be considered an ideal trait for selection to improve yield productivity [46]. Farmers considered the characteristics of each genotype and ranked them based on their importance. The overall ranking of the genotypes was as follows: ICGV-IS 13979 > ICGV-13864 > ICGV-IS 131090 > ICGV-IS 13842 > ICGV-IS 13937 > ICGV-09926 > farmers’ variety. Despite farmers ranking genotype ICGV-IS 13979 fifth in terms of earliness, they chose it as the best genotype to adopt because of its high grain yield, bigger seed size, and comparable number of matured pods per plant. According to [47], farmers are rational decision makers as they make choices to maximize the returns from their production activities.



Farmers also preferred ICGV-IS 13864 as the second most preferred genotype because of its high yield, bigger seed size, and high haulm yield. However, they pointed out its poor plant stand as a disadvantage. Yet, that did not discourage them from choosing it over most of the other genotypes. According to them, the higher number of pods and bigger seed size could compensate for the yield difference. This assertion agrees with [48] and [49], who noted that breeders may discard many varieties because of traits considered undesirable to them, though these traits may be of interest to farmers. Farmers identified ICGV-IS 131090 as the third most preferred genotype because of its ability to combine high pod yield with haulm yield. Their reasons corroborate earlier suggestions made by [28,40], who enumerated the importance of groundnut haulms in the Guinea savannah agroecology of Ghana. Although the farmers’ variety had similar yields with some of the genotypes, farmers ranked it seventh and it was the least preferred. This was because of its smaller seed size, which makes it lose its market value and the fact that it is sometimes difficult to process.



During field visits and field days, it was observed that farmers’ managed trials had low plant density and were mostly weedy. The researchers noted that the farmers were impressed with the researcher-managed trials. As a result, the researchers brought to the attention of the farmers the need to combine improved varieties with good agricultural practices to achieve the maximum yield. This supports an earlier study by [47], which found that improved varieties perform better when accompanied by recommended cultural practices. The researchers also saw this as an opportunity to encourage farmers to adopt good agricultural practices. In turn, farmers who saw the outcome of the researcher-managed fields were enthusiastic to learn more. Through this participatory variety evaluation process, farmers learned and gained knowledge about the benefits of adopting good agricultural practices. This is consistent with the results of [47], who reported that participatory variety selection is an avenue that adds new and more information to what farmers already have. Additionally, [50] concluded that incorporating farmers’ selection criteria in the advancement process of new maize hybrids by breeders is useful in the changing maize-growing environments in sub-Saharan Africa. Undertaking on-farm research comes with various challenges, including the lack of motivation from farmers, working in remote areas, cultural and language barriers, high personnel time for communication, and inadequate administrative structures and data analysis [51]. However, in this specific case, some challenges were minimal due to the farmers’ willingness and enthusiasm demonstrated throughout the experiment. Additionally, Agricultural Extension Agents (AEAs) and some community focal persons assisted with translating the local dialect to overcome language barriers. Economics is one of the major criteria used to evaluate the best variety of crops that can give higher economic returns and can be accepted by farmers [52]. In this study, genotypes ICGV-IS 13979 and ICGV-IS 13864 had the highest benefit–cost ratios of 4.84 and 4.12, respectively. This implies that the most economically viable genotypes are ICGV-IS 13979 and ICGV-IS 13864.5.




5. Conclusions


The study utilized the on-farm testing approach to evaluate advanced groundnut breeding lines across different locations and gather feedback from farmers in the development of improved varieties. Through this process, the adoption of released varieties has increased. A group of selected farmers were tasked to evaluate the genotypes in both mother and baby trials, and their preferences for the evaluated genotypes were recorded. Several traits were identified as crucial to farmers, including pod yield, seed size, earliness, haulm yield, number of pods per plant, and plant stand. The study found that improving one of these preferred traits genetically could have a positive impact on the others. After analyzing the data from both the researcher-managed trials and the farmer preferences, genotypes ICGV-IS 13979 and ICGV-IS 13864 were determined to be the best and most preferred, alongside genotypes ICGV-IS 131090 and ICGV-IS 13842.



Finally, though the farmers’ variety was feasible, the improved varieties were relatively profitable, especially ICGV-IS 13979, with a benefit–cost ratio of 3.53 in 2020 and 4.84 in 2021. Hence, policy interventions aimed at enhancing farmers’ ability to adopt improved groundnut cultivars could lead to increased profitability among smallholder farmers. We found that the mother–baby approach for participatory variety selection is cost-intensive, and other tools like triadic comparisons of technologies (TRICOTs) should be considered.
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Figure 1. Correlations among the traits measured in the 2020 and 2021 cropping seasons. NPLE: number of plants established; NPH: number of plants harvested; DF: days to 50% flowering; DPM: days to physiological maturity; NMP: number of matured pods per plant; NSP: number of seeds per pod; DHY: dry haulm yield at harvest; DPY: pod yield; HSW: hundred-seed weight; HI: harvest index. *—p < 0.05. 
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Figure 2. Mean and standard errors of plant establishment and days to flowering of groundnut genotypes were evaluated in 2020 and 2021 in the mother trials. WAP = weeks after planting. Genotypes followed by the same letters are not significantly different. 
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Figure 3. Mean and standard errors of number of plants at harvest and days to maturity of groundnut genotypes evaluated in 2020 and 2021 in the mother trials. Genotypes followed by the same letters are not significantly different. 
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Figure 4. Mean and standard errors of number of pods harvested and number of seeds per pod recorded on groundnut genotypes evaluated in 2020 and 2021 in the mother trials. Genotypes followed by the same letters are not significantly different. 
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Figure 5. Mean and standard errors of the dry pod and haulm yields of groundnut genotypes evaluated in the mother trial in 2020 and 2021. Genotypes followed by the same letters are not significantly different. 
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Figure 6. Mean and standard errors of hundred-seed weight and harvest index of groundnut genotypes evaluated in 2020 and 2021 in the mother trials. Genotypes followed by the same letters are not significantly different. 
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Figure 7. PCA Biplot of components 1 and 2 showing the relatedness and distribution of the genotypes and measured traits. G1 = farmers’ variety, ICGV−IS 09926 = G2, ICGV−IS 131090 = G3, ICGV−IS 13842 = G4, ICGV−IS 13864 = G5, ICGV−IS 13937 = G6, ICGV−IS 13979 = G7. 
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Figure 8. Dendrogram showing the clusters of the genotypes indicated by different colors. G1 = farmers’ variety, ICGV-IS 09926 = G2, ICGV-IS 131090 = G3, ICGV-IS 13842 = G4, ICGV-IS 13864 = G5, ICGV-IS 13937 = G6, ICGV-IS 13979 = G7. 
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Table 1. Mean square values from ANOVA for parameters measured in the mother trial for 2020 cropping season.
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	Sources of Variation
	Degrees of Freedom
	NPLE
	NPH
	DF
	DPM
	NMP



	Replication
	2
	650.90
	203.57
	0.19
	3.76
	11.61



	Treatment
	6
	359.87 ***
	175.27 *
	2.54 **
	84.60 *
	53.99 ***



	Residual
	12
	34.68
	54.794
	0.47
	17.65
	1.09



	CV (%)
	
	3.14
	4.06
	2.58
	4.4
	3.96



	Sources of Variation
	Degrees of Freedom
	NSP
	DPY
	DHY
	HSW
	HI



	Replication
	2
	0.01
	32,897
	60,999
	9.78
	10.183



	Treatment
	6
	0.024 NS
	1,093,068 ***
	282,527 ***
	38.50 **
	35.192 ***



	Residual
	12
	0.01
	46,830
	30,926
	5.08
	1.598



	CV (%)
	
	6.07
	5.50
	5.70
	5.83
	2.26







NPLE: number of plants established; NPH: number of plants harvested; DF: days to 50% flowering; DPM: days to physiological maturity; NMP: number of matured pods per plant; NSP: number of seeds per pod; DHY: dry haulm yield at harvest; DPY: pod yield; HSW: hundred-seed weight; HI: harvest index; CV: coefficient of variation, ***—p < 0.001, **—p < 0.01, *—p < 0.05.













 





Table 2. Mean square values from ANOVA for parameters measured in the mother trial for 2021 cropping season.
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	Sources of Variation
	Degrees of Freedom
	NPLE
	NPH
	DF
	DPM
	NMP



	Replication
	2
	3.00
	18.47
	0.90
	0.33
	4.91



	Treatment
	6
	169.86 **
	162.44 **
	8.60 ***
	79.60 *
	56.21 ***



	Residual
	12
	26.667
	25.09
	0.79
	20.06
	3.17



	CV (%)
	
	2.66
	2.61
	3.56
	4.73
	7.05



	Sources of Variation
	Degrees of Freedom
	NSP
	DPY
	DHY
	HSW
	HI



	Replication
	2
	0.001
	184,89
	33,370
	1.37
	1.172



	Treatment
	6
	0.042 **
	794,279 ***
	144,548 ***
	64.03 ***
	28.978 **



	Residual
	12
	0.007
	94,081
	11,399
	2.178
	4.87



	CV (%)
	
	4.25
	7.89
	4.21
	3.65
	3.917







NPLE: number of plants established; NPH: number of plants harvested; DF: days to 50% flowering; DPM: 100 days to maturity; NMP: number of matured pods per plant; NSP: number of seeds per pod; DHY: dry haulm yield at harvest; DPY: pod yield; HSW: hundred-seed weight; HI: harvest index; CV: coefficient of variation, ***—p < 0.001, **—p < 0.01, *—p < 0.05.













 





Table 3. Assessment of groundnut genotypes based on their individual traits by farmers in Tamale metro and Sagnerigu district.






Table 3. Assessment of groundnut genotypes based on their individual traits by farmers in Tamale metro and Sagnerigu district.





	Genotype
	Plant Stand
	Earliness
	Higher Pod Yield
	Higher Haulm Yield
	Higher Pod Number
	Large Seed Size





	ICGV 09926
	3
	7
	6
	5
	7
	4



	ICGV 13864
	7
	3
	2
	2
	2
	2



	ICGV-IS 13937
	2
	2
	3
	7
	4
	6



	ICGV-IS 131090
	6
	4
	4
	1
	3
	5



	ICGV-IS 13979
	2
	5
	1
	4
	1
	1



	ICGV-IS 13842
	5
	1
	5
	3
	5
	3



	Farmer’s variety
	4
	6
	7
	6
	6
	7










 





Table 4. Economic analysis of groundnut varieties.
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2020

	

	

	

	
2021

	

	

	




	
Varieties

	
Yield, kg ha−1

	
Total Variable Cost USD

	
Net Returns USD

	
BC Ratio

	
Yield, kg ha−1

	
Total Variable Cost USD

	
Net Returns USD

	
BC Ratio






	
Farmer variety

	
3236.53

	
725.45

	
1644.16

	
2.27

	
2966.28

	
699.15

	
1714.09

	
2.45




	
ICGV-IS 09926

	
3436.47

	
725.45

	
1790.54

	
2.47

	
3648.84

	
699.15

	
2269.39

	
3.25




	
ICGV-IS 131090

	
4479.97

	
725.45

	
2554.53

	
3.52

	
3975.19

	
699.15

	
2534.90

	
3.63




	
ICGV-IS 13842

	
3753.13

	
725.45

	
2022.38

	
2.79

	
3800.00

	
699.15

	
2392.37

	
3.42




	
ICGV-IS 13864

	
4693.67

	
725.45

	
2710.99

	
3.74

	
4401.55

	
699.15

	
2881.77

	
4.12




	
ICGV-IS 13937

	
3446.87

	
725.45

	
1798.15

	
2.47

	
3900.00

	
699.15

	
2473.73

	
3.54




	
ICGV-IS 13979

	
4488.03

	
725.45

	
2560.44

	
3.53

	
5022.48

	
699.15

	
3386.93

	
4.84

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
«G7

NSP

Dim1 (41.7%)





media/file4.png
Number of plants established 2 WAP

Days to 50% flowering

C

b

cd

b abab a ] abp

d

35

30 kbc ab

C

c beC Ca abab d

25
20

15
10

140000 r;p25pcab

120000
100000
80000
60000
40000
20000

KJOLIBA S LIy

97660 SI-"ADII
0601I€T SI"ADII
r8€1 SI-ADDI
P98€1 SI"ADII
LE6ET SI"ADII

6L6€1 SI"ADII

KJOLIBA S LIy

97660 SI-"ADII
0601I€T SI"ADII
r8€1 SI-ADDI
P98€1 SI"ADII
LE6ET SI"ADII

6L6€1 SI"ADII

m2020 =2021

m2020 m2021





nav.xhtml


  agriculture-13-02249


  
    		
      agriculture-13-02249
    


  




  





media/file16.png
Wb &





media/file2.png
2020

0.8
0.6
0.4
0.2

0.2
0.4
0.6

0.8

DPM &

NIVERF F 40 40 4
\ <
DPY ”

0.8
0.6
0.4
0.2

0.2
0.4
0.6
0.8






media/file5.jpg
Number of plants at harvest

Days to physiological maturi

Kaapaea s sy
92660 SI-ADDI
060IET SIADOI
THET SIADDI
PISEL SIADOI
LE6ET SIADDI
6L6ET SIFADDI

Dovaen s way
92660 SI-A9D1
0601€1 SI-ADDI
€1 SIADDI
$98E1 SI-ADDI
LEGE1 SIFADOI
6L6E1 SIFADDL

#2020 %2021

2020 w2021





media/file3.jpg
Days to 50% flowering

Number of plants established 2 WAP

Prp—
92660 S1ADDI
060151 S1-A9D1
2t sEADDH
sonct

FADDL

LE6E1 SFADDL

P
92660 SFADDL
06011 SIFADDL
8E1 SIADDL
POBET SIFADDL
LE6E1 SIADDL
6L6ET SIFADDL

#2020 w2021

#2020 #2021





media/file1.jpg
. ExE328EE =

o e LD oo
I ro @

o2 o B
