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Abstract

:

Orange fleshed sweet potatoes (OFSP) are desirable for high productivity and profitability and their distribution to improve the nutrition of river bank inhabitants of Gaibandha and Rangpur districts of Bangladesh. In this context, a field trial was conducted in two riverbank-based farmers’ fields such as Saghata, Gaibandha, and Pirganj, Rangpur, particularly in the Active Tista Floodplain Agro-ecological Zone of Bangladesh. Four OFSP varieties were evaluated, i.e., G1: BARI SP-8; G2: BARI SP-12; G3: BARI SP-14; G4: BARI SP-15, along with one local cultivar as a control (Red skin with white flesh). Significant variations among the sweet potato genotypes were noted for a number of tuberous roots plant−1, length of root diameter of roots, tuberous root weight plant−1, root yield (fresh), root yield (dry), beta-carotene yield, as well as energy output. Over the locations, BARI SP-12 produced about 73% higher root yield (32.00 t ha−1) and it was like the BARI SP-8 (31.07 t ha−1), which produced about 68% higher yield in comparison with local cultivar (18.51 t ha−1). Across the location, BARI SP-8 performed better in root yield (31.89 t ha−1) in Gaibandha, 69% superior to local cultivar, whereas BARI SP-12 performed better in Rangpur (33.66 t ha−1), which was 86% greater than the local sweet potato cultivar. Considering the root dry yield production, BARI SP-8 produced the highest in the Gaibandha location after that Rangpur location. Further, BARI SP-14 had wider adaptability and stability over the year and location depended on the AMMI model. The beta carotene yield (Vitamin-A precursor) ranged 336–2957 kg ha−1 among the OFSP varieties, whereas the highest (2957 kg ha−1) carotene was recorded in BARI SP-14, similar to BARI SP-15 (2952 kg ha−1) but was much lower in BARI SP-8 and BARI SP-12. Moreover, BARI SP-8 and BARI SP-12 were also economically profitable in terms of gross margin (3233 and 3364 US$ ha−1, respectively), net return (3039 and 3170 US$ ha−1, respectively) and BCR (3.21 and 3.31, respectively, vs. 1.91) due to higher returns with a similar production cost of the local cultivar. The results suggested that BARI SP-8 is economically profitable in the riverbank areas of Gaibandha, and BARI SP-12 is suitable for the riverbank areas of Rangpur.
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1. Introduction


Sweet potato, a perennial root crop belonging to the family of Convolvulaceae, has several flesh colors (white, yellow, cream, purple and orange) [1,2]. Among them, the orange, white and cream flesh sweet potatoes are commonly cultivated and consumed. It is the seventh most important crop in the world [3,4]. It is grown globally in more than a hundred countries with an average yield of 12.20 t ha−1 from 8.62 million ha of land [5]. The most commonly edible parts of the sweet potatoes are the tuberous roots, while the leaves are also important [1,2] and an important staple food across the Asian, African and Pacific region countries of the world. Sweet potato is also being used as cattle feed [1,6,7]. Sweet potato is considered as a healthy food having a low level of fat and protein, but rich in carbohydrates.



Orange-fleshed sweet potatoes (OFSP) are being considered as resilient crops due to its high carotenoid content (Precursor of Vitamin-A) and good yields, and also rich carbohydrates, vitamins and minerals [3,4] which can improve the nutrition of underprivileged farmers in numerous developing nations. Orange-fleshed sweet potatoes are also high-yielding with the capacity to generate more edible energy than wheat, rice or cassava per unit area [3]. Its root flesh and green leaves are great sources of antioxidants [8], minerals (Zn, K, Na, Mn, Ca, Mg and Fe), fiber and vitamin C [9].



Sweet potato, one of the preferred root crops due to the highest dry matter content for human consumption, out of which 70% of it is composed of starch [1,10]. A good sweet potato variety possesses a great amount of dry matter which is treated as an essential characteristic [11]. It can also be considered as one of the best meals assessed for long-time space travel, due to the fact of their nutritional attributes [12].



OFSP’s are also quite excellent sources of vitamin-A [8,13] and its main pigments, especially β-carotene and carotenoids, which are closely associated with the improvement of the immune system of human beings, and reduces the risk of cardiovascular complexities, age-related macular degeneration, and cataract development [14]. So, beta-carotene enriched sweet potatoes could be used successfully in small-scale interventions in the riverbanks and rural areas to improve nutrition status and to combat vitamin-A deficiency-induced diseases.



In Bangladesh, the cultivation of sweet potatoes is concentrated in the riverbanks and riverine islands (called the Char area; formed from sedimentation). Around 6.5 million (around 4%) of the Bangladeshi people live in the riverine islands (Char areas) and most of them are marginalized. Poverty is the common to the riverine island people; some of them are vulnerable and they usually cultivate sweet potato local cultivars in their fallow lands where other crops are not cultivated. Cultivating OFSP in the riverine islands of northern Bangladesh have a reasonable benefit. The soils in the northern riverine islands/Char areas are sandy and sandy loam type where water scarcity is common for rice cultivation and also challenging to cultivate other cereals such as wheat and maize. Sweet potatoes are cultivated on various soils, although good drained medium-textured and light (sandy to sandy loam) soils with a pH of 4.5–7.0 [1,15] are preferred for better vegetative growth and root development. At present, sweet potato cultivation in Bangladesh is about 0.13 million hectares (Mha) with a production of 1.47 million tons (Mt) [5]. OFSP varieties are generally less drought tolerant than the white-fleshed (WF) cultivars [16] and the average yield of OFSP at farm level in the riverbanks and riverine islands is about 10–12 t ha−1 [5] where crops grown with less irrigation and minimum inputs compared to other crops grown; while the potential yield can be as high as 35–40 t ha−1 [17]. There is significant potential to increase the yield of sweet potato by bridging the yield gap in these communities.



Genotypes and environmental interactions are associated with the performance of the varieties that show stability when cultivating in different environments and is essential for achieving new and improved genotypes [18]. The Additive Main effect and Multiplicative Interaction (AMMI) biplot is used to explain test location and genotype performance in test environments [19]. The AMMI biplot analysis is an important Genotype Environment Interaction (GEI) assessment strategy that helps plant breeders/agriculturists to identify and select higher performing genotypes in specific environments [20,21]. AMMI Stability Value (ASV) illustrates the distance of origin from the point of adjustment between the IPCA2 (Interaction Principal Component Axes for the environment) value versus the IPCA1 (Interaction Principal Component Axes for genotype) value of the AMMI model [22]. This has led to the need for adaptation and stability testing to obtain high quality and adaptive genotypes in different locations. The new superior varieties selected in the multi-environment test are expected to be as stable and uniform as possible, although they are born in different environments. Sweet potato is one of the main crops of the river island which reflect a significant source of nutrition and an attractive, important role in the upkeep of food security and increasing the profits of sweet potato growers [23,24]. It is commonly cultivated in the country, especially concentrated in the northern riverbanks and give more profits with fewer investments [25].



Life in the riverbanks and riverine islands is both unpredictable and insecure as they are facing major hazards such as flash flooding, riverbank erosion and cost of land. Numerous Char inhabitants fight to make or buy sufficient food to consume, and malnutrition and micronutrient shortcomings are widespread in these areas. Identification of promising varieties for riverbanks and riverine islands from the existing International Potato Center (CIP) bred sweet potato varieties may provide farmers with higher yields and help ensure food security in Bangladesh. Therefore, the International Potato Center (CIP) and Bangladesh Agriculture Research Institute (BARI) are introducing OFSP as a resilient and healthy food crop that can provide both economic opportunities and nutritional benefits to these Char farmers.



At present, OFSP is studied for its versatility and adaptability in diversified climatic conditions. The present study considered the performance of CIP-bred sweet potato varieties in the northern parts of Bangladesh and the impact on the economy of sweet potato cultivation in the Char area with the following objectives: (i) to assess the field performance and stability of OFSP varieties at field level in riverbanks and riverine islands; (ii) to calculate the cost and income of sweet potato cultivation at the farm level.




2. Materials and Methods


2.1. The Site, Season, Climatic Condition and Nutrient Status of the Experimental Field


The trial was carried out in two locations, namely Pirganj (25°23′ N and 89°18′ E) of Rangpur and Saghata (25°10′ N and 89°58′ E) of Gaibandha districts, Bangladesh (representing AEZ 2: Active Tista Floodplain agro-ecological zone of Bangladesh), during November–March (winter time) of 2018–2019 and 2019–2020 crop season.



The experimental sites were in a sub-tropical climate zone and characterized by little rainfall (42–53 mm) during the crop growing season (November–March) in the year. The monthly mean maximum temperature for the period of the sweet potato crop growth and development was mostly lower than the long-term averages in both locations, with some exception of 2018–2019 in Rangpur. On the other hand, the monthly mean minimum temperature was a little bit superior in Gaibandha than the long-term mean, but similar in Rangpur. The second crop year (2019–2020) was cooler in both the sites particularly in January, and the mean maximum temperature was about 1–3 °C lower than the 1st year cropping season (Figure 1a,b). The monthly average maximum temperature was 26–34 °C in Gaibandha and 22.8–30.2 °C in Rangpur and the average monthly minimum temperature was 12–18 °C in Gaibandha and 11.1–17.3 °C in Rangpur, respectively. January was the coolest month (average temperature vary between 11.1–12 °C) and March was the warmest month (average temperature vary between 30.2–34 °C) in both locations (Figure 1). The crop received a total of 29 and 19 mm rainfall in Gaibandha and 120 and 42 mm rainfall in Rangpur (Figure 1c,d). Before conducting the experiment in the field, pre-planted soil samples were collected to a depth of 15 cm in both locations and analyzed in the SRDI (Soil Resource Development Institute) laboratory. Soil properties were presented of the site shown in Table 1.




2.2. Planting Materials, Design of the Experiment, and Crop Management


The trials were laid out at the farm level by following a randomized complete block design with six dispersed replications. Four BARI-released, vitamin-A enriched sweet potato cultivars were used, viz., BARI SP-8, BARI SP-12, BARI SP-14 and BARI SP-15, along with one local cultivar as a check (Table 2).



Sweet potato vines were planted between 1–10 November in both crop years over the two locations, with the spacing 60 cm across row and 30 cm within row. Unit plot size ranged from 200 to 400 m2 across the locations. The trial plot area was fertilized with 120 kg N ha−1 as urea, 30 kg P ha−1 as triple superphosphate (TSP), 60 kg K ha−1 as muriate of potash (MoP), 15 kg S ha−1 as gypsum 4 kg Zn ha−1 as zinc sulfate (and 1 kg B ha−1 as boric acid. The 50% of the urea and MoP with the whole amount of TSP, gypsum, zinc sulfate and boric acid were applied during the final land preparation. The remaining urea and MoP were applied at 35 DAP (days after planting). For good crop stand and higher root yield, irrigation was applied at 30, 45, 60, 75, 90, 115 DAP, maintaining two-third (6 cm) of the valley in both locations.



Some infestation of weevil occurred in the vines in both locations during vine preparation. The weevil infestation in the vines of potatoes was controlled by dipping the vines in the Ripcord (Cypermethrin) solution before planting and also were applied (at 60 DAP as well as earthing up (30, 60 and 90 DAP). The crops were harvested on 25 to 30 March each of the years. The tuberous root yield was collected from 2 m × 2 m (4 m2) at the center of the plot at each location and converted into t ha−1. Ten plants were randomly selected, and the tuberous roots number plant−1 was averaged. Similarly, the length of root (cm), the diameter of root (cm), and per plant root weight were also measured following the same procedure.




2.3. Calculation of Root Dry Yield (t ha−1)


For dry matter measurement, about 100 g of sweet potato was collected for each variety and was oven-dried for about 24 h at 80 °C. Finally, the amount of root dry matter (%) was determined using the following equation:


Dry matter (%) = Sample dry weight/Total sample weight × 100



(1)







The dry root yield of sweet potato was calculated from the fresh tuberous root yield and % dry matter content using the formula:


Dry tuberous root yield (t ha−1) = fresh root yield (t ha−1) × % dry matter content/100



(2)








2.4. β-Carotene Yield Calculation (kg ha−1)


The cut roots were collected in a compound stack and five root samples (weighing 100 to 300 g) were taken to determine b-carotene. The cut roots were washed and cleaned in tap water and allowed to air dry. Dried roots were peeled, and every root was slashed longitudinal direction in four parts. Two parallel sections of individual roots were taken to prepare for the 100-g compound sample which was placed in a transparent polythene bag and freeze-dried at −31 °C for 72 h. The dried samples were weighed, ground into flour in a stainless-steel mill, and stored in brown paper bags. The amount of root dry matter was computed from flesh and dry weight and expressed as a percentage. About 2 g of ground sweet potato sample was taken with 5 ml acetone and then acetone-petroleum ether (20:80; v/v) was added. After filtration and rotational evaporation process at 35 °C, the remaining solvent was removed to N2 atmosphere and then dissolved in 2 ml petroleum ether. β-carotene (Sigma-Aldrich Corp., St. Louis, USA) stock and standard solutions and sample solutions measured 450 nm on spectrophotometer [26].




2.5. Economic Performance


The variable costs used in the analysis include land preparation, cutting of vines, planting of vines in the main field, fertilizers, insecticides, irrigation, harvesting and cleaning, etc. (Table 3).



These variable costs were determined based on information provided by local farmers in the communities surrounding the trials. Fixed costs are costs that do not change with the change in the amount and type of production, for example, the price of land rent, and interest on operating costs. The land rental price includes the rental cost for sweet potato production based on information provided by local farmers. The cost of land rent was determined according to the duration of the crop (5 months). Interest on Operating Capital (IOC) was determined by [27] the following equation:


Interest on operating capital (IOC) = TVC × I × t/(100 × 12)



(3)




where TVC = total variable cost, I = interest rate per annum (9%, at present the interest rate of the bank in Bangladesh) and t = crop production period in months (like above).



The total cost in sweet potato production was estimated by the sum of total variable cost and fixed costs. The price of inputs and outputs were estimated in local currency (Bangladeshi Taka, BDT) based on the average values in the respective areas (Gaibandha and Rangpur). The above prices were converted to US$ using an exchange rate of 1 US$ = 84.69 BDT. The total (gross) return was estimated from the quantity of harvested tuberous root (t ha−1) and the price of their farm-gate. The prices of sweet potatoes were 142 US$ t−1. The gross margin was estimated from the difference between gross return and total variable cost. The net return was determined from the difference between gross return and total cost. Finally, the benefit-cost ratio (BCR) was estimated from gross return divided by total cost.



Preliminary information was collected by personal interview (PI), key informant interview (KII) and focus group discussion (FGD). It was organized by assigning a sorted, open, and closed-end questionnaire and a checklist. Sweet potato farmers were interviewed directly by enumerators to collect preliminary data on sweet potato growers and yields. Most of the tabular analysis was conducted with mean and percentage calculations



The profit margin of sweet potato growers, traders and retailers were estimated using the following formula:


NP = TR − TC



(4)




where NP = Net Profit (US$), TR = Total Return (US$) and TC = Total cost.




2.6. Statistical Analysis


Data on different attributes recorded for two years were analyzed by ANOVA (using STAR’ statistical package developed by Biometrical Division, International Rice Research Institute (IRRI), Manila, Philippines) two evaluate the differences between treatments and the means were separated using LSD (least significant difference) at 5% level of significance. The results of different attributes with their interactions were found statistically significant and have been presented accordingly. Again, the stability parameter was analyzed using “metan” statistical package [28] in R studio version 1.4.110.





3. Results


3.1. Impact of OFSP Variety, Year and Location on Yield-Related Characters, Fresh and Dry Root Yield, and Beta-Carotene Production in the Northern Riverbanks


The main effect and interaction effects of the factors (sweet potato varieties, locations and years) on various yield contributing characters (tuberous roots plant−1; Tuberous roots length; Tuberous root diameter; Root yield plant−1) are presented in Table 4. The average tuberous root plant−1 of sweet potato varieties were ranged from 3.29 to 5.16 plant−1 where the lowest tuberous root was observed in the local variety and the highest was from BARI SP-12 which was similar to BARI SP-8 and BARI SP-14 (Table 4). Compared to local varieties, OFSP varieties, BARI SP-8, BARI SP-12, BARI SP-14 and BARI SP-15 produced an average of 54.71%, 56.83%, 46.50% and 37.08% more tuberous roots plant−1, respectively. The present findings agree with previous findings [29,30] and the variation in tuberous roots plant−1 was genotypic.



Considering the two-year average data, the tuberous root length of sweet potato varieties ranged from 12.42 to 15.42 cm and 12.25 to 14.96 cm in Gaibandha and Rangpur, respectively (Table 5). In Gaibandha, the highest root length (15.42 cm) was attained from BARI SP-8 and BARI SP-12 which was identical to BARI SP-14 (15.16 cm). Again, in Rangpur, the highest root length was attained from BARI SP-15 (16.22 cm) followed by BARI SP-12 (15.26 cm) and BARI SP-8 (14.96 cm). In both locations, the lowest root length was attained from the local variety with a value of 12.42 and 12.25 cm, respectively. Average root length was attained from OFSP varieties, 23.10% from BARI SP-8, 24.31% from BARI SP-12, 18.48% from BARI SP-14, and 22.20%, respectively (Table 5).



Average of two-year data across locations, the tuberous root diameter of sweet potato varieties ranged from 2.85 to 4.34 cm where BARI SP-8 attained the maximum root diameter trailed by BARI SP-12 and BARI SP-14. Compared to local varieties, OFSP varieties, BARI SP-8, BARI SP-12, BARI SP-14, and BARI SP-15 produced an average of 52.28%, 47.72%, 38.95%, and 35.09% more tuberous root diameter, respectively. All-time low root diameter was attained from the local variety. In Rangpur, the average root yield plant−1 among the sweet potato genotypes varied from 274.4 to 509.9 g plant−1 and in Gaibandha it was from 286.5 to 473 g plant−1 (Table 6). Considering the mean of the two years, BARI SP-12 was the highest yielding followed by BARI SP-8. The local cultivar (check) produced the lowest root yield plant−1 in both locations. The average root yield plant−1 of typical sweet potato genotypes were varied from 280.4 to 491.8 g plant−1 where BARI SP-12 was the highest yielding followed by BARI SP-8 and BARI SP-14 (Table 4). Compared to local varieties, BARI SP-8, BARI SP-12, BARI SP-14 and BARI SP-15 produced an average of 65.33%, 75.35%, 58.17% and 53.50% more tuberous roots weight plant−1, respectively. Considering the crop season, average more root was produced in 2019–2020 compared to 2018–2019 crop season and considering the location mean, more root was produced in Rangpur than Gaibandha (Table 6).



The main effect and interaction effects of the factors (sweet potato varieties, locations and years) on various fresh root yields, dry root yield and beta-carotene yield were presented in Table 7, Table 8 and Table 9. Fresh tuberous root yield of different sweet potato genotypes in Gaibandha was ranged from 18.91 to 31.89 t ha−1 where BARI SP-8 was the highest yielding and BARI SP-12 was the 2nd highest yielding.



In Rangpur, the fresh root yield among the sweet potato genotypes ranged from 18.11 to 30.24 t ha−1, where BARI SP-12 was the highest yielding and BARI SP-8 was the 2nd highest yielding. On the contrary, the local cultivar (check) generated the lowest root yield in Gaibandha and Rangpur 18.91 and 18.11 t ha−1, respectively. In the 2018–2019 crop season, BARI SP-12 was the highest root yielding (31.25 t ha−1) trailed by BARI SP-8 (29.30) and in 2019–2020 crop season BARI SP-8 was the highest fresh root yielder (32.84 t ha−1) which was identical as BARI SP-12 (31.74 t ha−1) followed by BARI SP-14 and BARI SP-15. The local cultivar was the lowest yielding in a couple of years (18.34 t ha−1 and 18.66 t ha−1. Considering the mean of both years results across locations the uppermost fresh tuberous root yield (32.00 t ha−1) was attained from BARI SP-12 and the 2nd uppermost was from BARI SP-8 (31.07 t ha−1) and the 3rd uppermost yield was from BARI SP-14 (29.28 t ha−1) which was 72.88%, 67.86%, and 58.18% higher fresh root yield ha−1, respectively, compared to local cultivar (Table 7, Table 8 and Table 9). The lowest mean fresh root yield was attained from the local variety (18.51 t ha−1) in Rangpur (Table 8).



Root dry yield of different sweet potato genotypes in Gaibandha was ranged from 6.40 to 11.75 t ha−1 where BARI SP-8 produced the maximum dry yield followed by BARI SP-14 and BARI SP-15. Similar dry root yield among the genotypes was also observed in Rangpur and was ranged from 6.13 to 10.19 t ha−1, where BARI SP-8 was the highest dry root yielder followed by BARI SP-14 and BARI SP-15. Local variety (check) produced the lowest dry root yield in Gaibandha and Rangpur 6.40 and 6.13 t ha−1, respectively. In both years, BARI SP-8 remained the highest dry root yielder (9.87 and 11.07 t ha−1 in 2018–2019 and 2019–2020 crop season) followed by BARI SP-14 (8.44 and 8.88 t ha−1) and BARI SP-15 (8.13 and 8.29). The local cultivar proved to be the lowest dry root yielder in a couple of years (6.20 and 6.26 t ha−1). Reflecting the average of two years results across locations the BARI SP-8 attained the highest dry root yield (10.47 t ha−1) and BARI SP-14 (8.62 t ha−1) attained the 2nd highest, and BARI SP-15 (8.21 t ha−1) attained the 3rd highest dry yielder which produced 67.86%, 37.48%, and 30.94% higher dry root yield (t ha−1), respectively, in comparison with local cultivar. The lowest mean dry root yield was attained from the local cultivar (6.26 t ha−1).



Yield (Kg ha−1) of β-Carotene (DW Basis)


β-Carotene production of different sweet potato genotypes was ranged from 335.53 to 2957.09 ha−1 where BARI SP-14 was the average highest beta-carotene yielder, followed by BARI SP-15. BARI SP-12 and BARI SP-8 was the lowest beat-carotene yielder, and no/trace beta-carotene yield was determined from the local cultivar (Table 7).





3.2. Selection for Stable Sweet Potato Genotype Based on Stability Variance and AMMI Analysis


The tuberous root yield stability for each variable across the location-year was stated by Shukla [31] and reported that varieties along with minimum values of Shukla’s stability variance (σ2i) are more stable. BARI SP-14 demonstrated the lowest Shukla’s variance stability (−0.41) that seemed to be more stable over the location-year effect. In addition. Shukla’s stability variance (σ2i) criteria are also suitable for the BARI SP-14. The genotypes BARI SP-8 (32.46 t ha−1) and BARI SP-15 (30.60 t ha−1) produced a higher yield considering all years and locations (Table 8 and Table 9).



Furthermore, the AMMI Stability value (ASV) is used to define genotype and location adaptability [32]. The genotypes with the maximum ASV value are taken into account unstable and more responsive to specific environments. On the other hand, the genotypes with the minimum ASV value are envisaged as stable genotypes over the environment (Table 10). The BARI SP-15 and BARI SP-14 genotypes were the best for yield and stability based on ASV value whereas the BARI SP-8 and BARI SP-12 showed the highest yield performance and were the most unstable based on ASV value.



The principal component score (IPCA1) for both genotypes and environments were plotted against the mean tuber yield and the AMMI biplot1 was drawn (Figure 2A). The Principal Component interaction (IPCA1) score was plotted against the Principal Component interaction (IPCA2) for assessing the adaptation of genotypes (Figure 2B). The variety BARI SP-14 which is situated within the circle was stable and the other varieties were unstable because of their disperse position (Figure 2B).




3.3. Profitability Analysis of OFSP at Farm Level in the Northern Riverbanks


The summary statistics of survey variables of 80 sweet potato farms are presented in Table 11.



The sample average gross output was 2133.40 US$ with a standard deviation of 238.05 that indicated the large variability of output among the sweet potato farms. Variations of standard deviation for the entire variable were large due to variation of land size and the minimum land size of sweet potato farms was 0.11 and the maximum was 1.09. Human labor was employed 91.72 US$ per farm for producing the crop in the crop year (2018–2019). It indicated that the existing production technology among farm households was labor intensive. The variable cost involved among the cost of inputs of the sample farms, e.g., seed cost, hired labor, manure, fertilizer, insecticide, irrigation, etc. Conversely, fixed labor involved the rental value of land and family labor. Age and education are important socio-economic factors that keep a great role in the on-farm operation. The OFSP regarding all the varieties were made at a profit with positive gross margin, net return and BCR > 1, whatever the amount of labor cost in the economic analysis (Table 12). The gross margin was 97–132% higher (1406–1914 US$ ha−1) than that of the local sweet potato variety (1450 US$ ha−1) due to higher tuberous root yield (53–73%) with the same production costs. Net return ranged from 2662–3170 US$ ha−1, about three folds higher (av. 2914 US$ ha−1) than the local sweet potato variety (1256 US$ ha−1). Finally, the BCR in OFSP ranged from 2.94–3.31, while the minimum value was observed in the local variety (1.91).





4. Discussion


The tuberous root yield of sweet potato displays several positive associations with the plant and root characteristics [33]. The higher root yield of the tuberous roots is reliant on the higher tuberous root weight resulted in higher tuberous root diameter, more leaf number per plant, increase vine length, more tuberous root plant−1, increase the number of sweet potato vines plant−1, and a minimum influenced by increase tuberous root length [33]. Orange flesh sweet potato genotypes have high beta-carotene [8,29] in comparison with sweet potato cultivars having white, cream or yellow flesh. The color of the original flesh may also indicate the intensity of the pigment included. The more intense of the color of the root flesh, the higher the amount of beta-carotene [34]. The morphological and yield-contributing characters of sweet potatoes will be determined by the influence of the growing environment on the genetic makeup of the crop. These two factors will inter-relate throughout the plant’s growing period so that the shape of the tuberous roots look like each other or dissimilar. If the impact of the growing condition is major, rather than the genetic impact, then there may be morphological distinctions of the varieties/cultivars [35]. These growing conditions/environments included climatic and soil conditions as well as water availability [36]. Some of the morphological characters such as leaf size, color, stem, petiole, skin and flesh color of sweet potato are stable and are not influenced by growing conditions, while morphological characters such as the length of vines and leaf stalk, leaf shape and yield of tuberous roots which can be easily changed as affected by the environment [37]. Our current findings on plant roots, root lengths, root diameters and root production agree with the findings [30,38,39,40].



In Bangladesh, due to high crop competition in the plain ecology and the use of local farming in the production system, the potential for sweet potato production is comparatively low, and the quantity and quality are also reduced. In our field trial, it was proved that the newly developed OFSP varieties produced higher root yield than the local cultivars, which indicates that the new varieties have good genetic characteristics to provide high yields in the various environments, and our statement agrees with [32]. Moreover, climatic conditions and intercultural operations according to cultivars/varieties also affect the productivity of sweet potatoes [41,42,43]. Root yield varies greatly between sweet potato varieties/cultivars and even individual plants of the same variety/cultivars, such as those affected by cultivation, breeding material, and growing environment and edaphic condition [44]. Genetic and environmental factors also affect on the morphological and physiological character, yield and dry matter production [45].



Therefore, it is very important to select suitable sweet potato varieties based on environmental conditions [41]. The overall yield performance of all studied varieties was comparatively low in Gaibandha than Rangpur location considering their potential yield. Stability analysis provides the level of productivity of a genotype to a certain environment [46]. BARI SP-14 had a relatively good yield maintaining stability in unfavorable locations and responding well to favorable locations followed by BARI SP-15. Further, the probable causes for its low yield were sandy to sandy loam soil having less moisture holding capacity, which may also be due to inadequate irrigation application at the time of root growth and development, inadequate intercultural management practices, and considered as neglected crops in the Char/riverbank areas.



Beta-carotene may vary from place to place and from year to year. This beta-carotene yield was initially controlled by the genetic factor. It is affected by the amount of irrigation during crop growth and the amount of fertilizer used for root production. But fertilizer application has a positive effect on beta-carotene content and generally agrees with the study [47,48,49] which revealed that increased potassium and zinc fertilization increased carotene levels in sweet potato roots. However, the amount of carotene increase fluctuates within the sweet potato genotype. Smoleń and Sady [50] stated that nitrogen fertilization alone has no significant effects on the extent of carotenoid (in carrots). Thus, the difference between carotene components can be estimated by applying specific macro-components. Again, when the roots are stored in the soil until needed, the carotenoid and β-carotene content of the roots may be affected by the sweet potato variety and storage age of the roots [51,52].



The profit may be more or less due to the variation in the yield of sweet potato. The harmful aspects of sweet potato cultivation include lack of sweet potato vines (planting material) at farm level [53], awareness of sweet potato farmers about OFSP, storage capacity [54] and lack of processing facilities, lack of suitability, marketing structure and high marketing costs among producers [53,54,55,56]. The cost and returns analysis showed that labor cost was 33.58% followed by cost of acquisition of vines found 24.47% of the total cost of sweet potato cultivation and profitability of OFSP production.



The main problem faced by the sweet potato growers was the unavailability of quality vines. The second problem was indicated by farmers was the lack of storage facilities and lack of knowledge about storage techniques. Most farmers do not choose storage and so the roots were sold almost immediately in the local market and, as a result, people are mistreated by sweet potato farmers by marketing [43,46].



The farmers also stated that they faced yield loss due to sweet potato weevil attacks. In addition to this, unpredicted weather due to uneven rainfall also influenced the sweet potato root yield. Numerous sweet potato growers also reported a shortage of labor at the time of planting and harvesting sweet potatoes.



These limits can be forwarded by on time and sufficient supply of planting materials (vines), generating awareness about OFSP varieties with improved cultivation systems and updating the market approach of sweet potatoes in Bangladesh resulting in the extended better ways for escalating farmers’ income along with nutrition.




5. Conclusions


Growing OFSP in the riverbanks/Char areas of northern Bangladesh provides agronomic and economic benefits to producers. Farmers who find it difficult to grow rice, maize or wheat in the riverbanks/Char areas because of sandy and fallow land and shortage of water (especially for rice) may produce sweet potato as an alternative. Farmer’s yield of OFSP in the riverbanks/Char area has an average of about 18.51 t ha−1 and entails a considerably reduced amount of irrigation and other inputs relative to other crops. However, among the cultivars, BARI SP-12 produced 73% more root yield (32 t ha−1) like BARI SP-8 by 68% higher yield (31.07 t ha−1) compared to the local cultivar over the locations. In terms of feasibility, BARI SP-12 performed the best and yielded 33.66 t ha−1 in Rangpur whereas BARI SP-8 performed the best in Gaibandha with an average yield of 31.89 t ha−1, which was 86 and 69% higher than that of the local cultivars. Conversely, the beta carotene (Vitamin-A precursor) was the greatest in BARI SP-14 (2957 kg ha−1) like BARI SP-15 (2952 kg ha−1), whereas it was much lower in BARI SP-12 and BARI SP-8. In addition, BARI SP-8 and BARI SP-12 was found stable in specific locations and found economically profitable due to the highest root yield in the respective areas. Besides these two varieties, BARI SP-14 and BARI SP-15 were found stable in both locations. Finally, it may be concluded that BARI SP-8 and BARI SP-12 are suitable for cultivation in the Char areas of Gaibandha and Rangpur in terms of a good yield. Furthermore, BARI SP-14 and BARI SP-15 are found stable for both locations and can be cultivated in the Char areas. These four OFSP varieties can serve as a good source of beta-carotene (vitamin-A) among the Char dwellers’ as well as the whole nation of Bangladesh.
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Figure 1. Monthly average maximum and minimum temperature of (a) Saghata, Gaibandha, and (b) Pirganj, Rangpur; (c) monthly mean rainfall (mm) of Saghata, Gaibandha, and (d) monthly mean rainfall (mm) of Pirganj, Rangpur, during two years compared to long-term (2000–2019) standards at Bangladesh Meteorological Department. 
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Figure 2. (A) AMMI 1 and (B) AMMI 2 biplot of IPCA1 (Interaction Principal Component Axes for genotype) axis against the mean yield of five sweet potato varieties evaluated in Gaibandha and Rangpur for tubers yield in sweet potato during 2018–2019 and 2019–2020 in Bangladesh. 






Figure 2. (A) AMMI 1 and (B) AMMI 2 biplot of IPCA1 (Interaction Principal Component Axes for genotype) axis against the mean yield of five sweet potato varieties evaluated in Gaibandha and Rangpur for tubers yield in sweet potato during 2018–2019 and 2019–2020 in Bangladesh.



[image: Agronomy 11 02046 g002]







[image: Table] 





Table 1. Initial soil condition (0–15 cm) of OFSP trial plots at Saghata of Gaibandha and Pirganj of Rangpur in Bangladesh.
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Locations

	
pH

	
OM (%)

	
Total N (%)

	
K

	
P

	
S

	
Zn

	
B




	
meq/100 g

	
µg/g Soil






	
Saghata, Gaibandha

	
6.45

	
0.83

	
0.05

	
0.14

	
9.68

	
15.2

	
0.24

	
0.25




	
Slightly Acidic

	
VL

	
L

	
M

	
L

	
M

	
VL

	
L




	
Pirganj, Rangpur

	
6.40

	
0.27

	
0.02

	
0.26

	
30.10

	
2.18

	
0.45

	
0.12




	
Slightly Acidic

	
VL

	
VL

	
M

	
VH

	
VL

	
VL

	
VL








Very low = VL; Low = L; Medium = M and Very high = VH.
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Table 2. Major Characteristics and year release of OFSP varieties used in the trial during both crop seasons.
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	Name of the

Variety/Cultivar
	Pedigree
	Year of

Release
	Characteristics





	BARI Mistialu-8

(BARI SP-8)
	CIP-440025
	2008
	Skin color: Red, Flesh color: Yellow, Dry matter: 33.71 ± 1%, Beta-carotene: 1.08 mg/100 g FW *, Fe: 7.86 mg/kg, Zn: 14.76 mg/kg



	BARI Mistialu-12

(BARI SP-12)
	CIP-440001
	2013
	Skin color: Yellow, Flesh color: Orange, Dry matter: 22.04 ± 1%, Beta-carotene: 3.60 mg/100 g FW *, Fe: 14.76 mg/kg, Zn: 8.09 mg/kg



	BARI Mistialu-14

(BARI SP-14)
	CIP-441132
	2017
	Skin color: Light orange, Flesh color: Orange, Dry matter: 29.46 ± 1%, Beta-carotene: 10.10 mg/100 g FW *, Fe: 5.17 mg/kg, Zn: 6.47 mg/kg



	BARI Mistialu-15

(BARI SP-15)
	CIP-440267.2
	2017
	Skin color: Pink, Flesh color: Orange, Dry matter: 28.91 ± 1%, Beta-carotene: 10.39 mg/100 g FW *, Fe: 13.25 mg/kg, Zn: 6.47 mg/kg



	Local Variety
	Local

cultivar
	-
	Skin color: Pink, Flesh color: White,

Dry matter: 36.5 ± 1%, Beta-carotene: Trace/nil







* FW means fresh weight.
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Table 3. The production cost of sweet potato used in the economic analysis.
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	Items
	Amount ha−1
	Unit Price (US$)
	Total Cost (US$)
	% of Total





	
	
Variable costs





	
	
	
	



	
	
Vine (No. ha−1)





	56,000
	0.006
	336
	24.47



	
	
Land preparation





	1
	84
	84
	6.12



	
	
Human labor (Man-days)





	
	
	
	0.00



	
	
Vine cutting





	10
	4.8
	48
	3.50



	
	
Vine plantation





	28
	4.8
	134
	9.76



	
	
Fertilizer





	2
	4.8
	10
	0.73



	
	
Irrigation





	8
	4.8
	38
	2.77



	
	
Weeding





	15
	4.8
	72
	5.24



	
	
Insecticide





	3
	4.8
	14
	1.02



	
	
Harvesting and cleaning





	30
	4.8
	144
	10.49



	
	
Total labor





	96
	
	461
	33.58



	
	
Fertilizer





	
	
	
	0.00



	
	
Urea (kg)





	260
	0.192
	50
	3.64



	
	
TSP (kg)





	150
	0.264
	40
	2.91



	
	
MoP (kg)





	120
	0.18
	22
	1.60



	
	
Gypsum (kg)





	83
	0.12
	10
	0.73



	
	
Zinc sulphate (kg)





	10
	1.8
	18
	1.31



	
	
Boric acid (kg)





	6
	1.44
	9
	0.66



	
	
Irrigation





	1
	90
	90
	6.55



	
	
Insecticide





	1
	60
	60
	4.37



	
	
Total variable cost





	
	
	1179
	85.87



	
	
Fixed Cost





	
	
	
	0.00



	
	
Interest on operating capital (%)





	0.09
	
	44
	3.20



	
	
Land rental value





	1
	360
	150
	10.92



	
	
Total fixed cost





	
	
	194
	14.13



	
	
Total cost





	
	
	1373
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Table 4. Effect of Variety, environment, and growing season on no. of tuberous roots plant−1, length of root, the diameter of root and tuberous root yield plant−1.
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Treatment

	
No. of Tuberous Root Plant−1

	
Length of Root (cm)

	
Diameter of Root (cm)

	
Tuberous Root Weight Plant−1 (g)






	
Variety (V)




	
BARI SP-8

	
5.09 (54.71%)

	
15.19 (23.10%)

	
4.34 (52.28%)

	
463.71(65.33%)




	
BARI SP-12

	
5.16 (56.83%)

	
15.34 (24.31%)

	
4.21 (47.72%)

	
491.81 (75.35%)




	
BARI SP-14

	
4.82 (46.50%)

	
14.62 (18.48%)

	
3.96 (38.95%)

	
443.61(58.17%)




	
BARI SP-15

	
4.51 (37.08%)

	
15.08 (22.20%)

	
3.85 (35.09%)

	
430.51(53.50%)




	
Local

	
3.29

	
12.34

	
2.85

	
280.47




	
LSD0.05

	
0.42

	
1.29

	
0.36

	
27.38




	
Environment (E)




	
Gaibandha

	
4.52

	
14.47

	
3.82

	
418.77




	
Rangpur

	
4.63

	
14.55

	
3.88

	
425.27




	
LSD0.05

	
ns

	
ns

	
ns

	
ns




	
Year (Y)




	
2018–2019

	
4.64

	
14.26

	
3.81

	
411.26




	
2019–2020

	
4.52

	
14.76

	
3.88

	
432.78




	
LSD0.05

	
ns

	
ns

	
ns

	
27.38








Values within the parenthesis indicate the values increased (%) over check; V, Variety, E, Environment (locations) and Y, Year; ns: non-significant; LSD0.05 means significant at 5% level of probability.
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Table 5. Interaction effect of variety (V) and environment (E) on root length of sweet potato.






Table 5. Interaction effect of variety (V) and environment (E) on root length of sweet potato.





	
Variety (V)

	
Environment/Locations

	
Mean Increased over Local Check (%)




	
Gaibandha

	
Rangpur






	
BARI SP-8

	
15.42

	
14.96

	
23.10




	
BARI SP-12

	
15.42

	
15.26

	
24.36




	
BARI SP-14

	
15.16

	
14.07

	
18.48




	
BARI SP-15

	
13.93

	
16.22

	
22.20




	
Local

	
12.42

	
12.25

	
-




	
LSD0.05

	

	
1.29

	








LSD0.05 means significant at 5% level of probability.
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Table 6. Interrelation impacts of variety (V), Year (Y) and environment (E) on average root weight plant−1 (g) of sweet potato.






Table 6. Interrelation impacts of variety (V), Year (Y) and environment (E) on average root weight plant−1 (g) of sweet potato.





	
Varieties (V)

	
Gaibandha

	
Rangpur




	
2018–2019

	
2019–2020

	
Mean

	
2018–2019

	
2019–2020

	
Mean






	
BARI SP-8

	
464.19

	
474.29

	
469.24 (63.77%)

	
423.68

	
492.66

	
458.17 (66.96%)




	
BARI SP-12

	
444.97

	
502.39

	
473.68 (65.32%

	
502.01

	
517.87

	
509.94 (85.82%)




	
BARI SP-14

	
428.67

	
449.37

	
439.02 (53.22%)

	
440.24

	
456.15

	
448.20 (63.33%)




	
BARI SP-15

	
420.96

	
429.8

	
425.38 (48.46%)

	
432.05

	
439.22

	
435.64 (58.75%)




	
Local

	
282.73

	
290.3

	
286.52

	
273.13

	
275.71

	
274.42




	
LSD0.05

	

	

	

	
27.38

	

	








LSD0.05, significant at 5% level of probability.
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Table 7. Fresh and dry root yield (t ha−1), beta carotene yield (kg ha−1) of sweet potato varieties.






Table 7. Fresh and dry root yield (t ha−1), beta carotene yield (kg ha−1) of sweet potato varieties.





	
Treatment

	
Yield of Fresh Roots

(t ha−1)

	
Yield of Dry Roots

(t ha−1)

	
Beta Carotene Yield

(kg ha−1) (DW Basis)






	
Variety (V)

	




	
BARI SP-8

	
31.07 (67.86%)

	
10.47 (66.99%)

	
336.19




	
BARI SP-12

	
32.00 (72.88%)

	
7.05 (12.44%)

	
1152.29




	
BARI SP-14

	
29.28 (58.18%)

	
8.62 (37.48%)

	
2955.90




	
BARI SP-15

	
28.41(53.48%)

	
8.21 (30.94%)

	
2951.41




	
Local

	
18.51

	
6.27

	
Nil




	
LSD0.05

	
1.27

	
0.38

	
59.49




	
Environment (E)

	




	
Gaibandha

	
27.64

	
8.10

	
1463.97




	
Rangpur

	
28.07

	
8.15

	
1510.26




	
LSD0.05

	
ns

	
ns

	
37.63




	
Year (Y)

	




	
2018–2019

	
27.14

	
7.91

	
1460.16




	
2019–2020

	
28.56

	
8.34

	
1514.07




	
LSD0.05

	
1.27

	
0.38

	
37.63








Values within the parenthesis indicate the values increased (%) over check; V, Variety, E, Environment (locations) and Y, Year; ns: non-significant; LSD0.05 means significant at 5% level of probability.
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Table 8. Interrelation impacts of variety (V), and environment (E) on fresh yield (t ha−1) and dry yield (t ha−1) of sweet potato.






Table 8. Interrelation impacts of variety (V), and environment (E) on fresh yield (t ha−1) and dry yield (t ha−1) of sweet potato.





	
Variety (V)

	
Yield of Fresh Roots

(t ha−1)

	
% Yield Increase over Local Check

	
Yield of Dry Roots

(t ha−1)

	
% Yield Increase over Local Check




	
Gaibandha

	
Rangpur

	
Gaibandha

	
Rangpur






	
BARI SP-8

	
31.89

	
30.24

	
67.86

	
10.75

	
10.20

	
66.99




	
BARI SP-12

	
30.34

	
33.66

	
72.88

	
6.69

	
7.42

	
12.44




	
BARI SP-14

	
28.98

	
29.58

	
58.18

	
8.54

	
8.71

	
37.48




	
BARI SP-15

	
28.08

	
28.75

	
53.51

	
8.12

	
8.31

	
30.94




	
Local

	
18.91

	
18.11

	

	
6.40

	
6.13

	




	
LSD0.05 (V × E)

	
1.27

	

	
0.38

	








V, Variety, E, Environment (locations) and Y, Year; LSD0.05 means significant at 5% level of probability.
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Table 9. Interrelation impacts of variety (V), and year (Y) on fresh yield (t ha−1) and dry yield (t ha−1) of sweet potato.






Table 9. Interrelation impacts of variety (V), and year (Y) on fresh yield (t ha−1) and dry yield (t ha−1) of sweet potato.





	
Variety (V)

	
Yield of Fresh Roots

(t ha−1)

	
% Yield Increase over Local Check

	
Yield of Dry Roots

(t ha−1)

	
% Yield Increase over Local Check




	
2018–2019

	
2019–2020

	
2018–2019

	
2019–2020






	
BARI SP-8

	
29.30

	
32.84

	
67.86

	
9.88

	
11.07

	
66.99




	
BARI SP-12

	
31.25

	
32.74

	
72.88

	
6.89

	
7.22

	
12.44




	
BARI SP-14

	
28.67

	
29.88

	
58.18

	
8.45

	
8.80

	
37.48




	
BARI SP-15

	
28.15

	
28.68

	
53.51

	
8.14

	
8.29

	
30.94




	
Local

	
18.34

	
18.68

	

	
6.21

	
6.32

	




	
LSD0.05 (V × E)

	
1.27

	

	
0.38

	








V, Variety, E, Environment (locations) and Y, Year; LSD0.05 means significant at 5% level of probability.
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Table 10. AMMI analysis provides stability parameters for tuber yield in sweet potato.






Table 10. AMMI analysis provides stability parameters for tuber yield in sweet potato.





	Variety
	Mean
	Shukla’s Stability Variance (σ2i)
	AMMI-Stability Value (ASV)
	Note





	BARI SP-8
	31.07
	3.08
	2.50
	Specific adaptation



	BARI SP-12
	32.00
	3.33
	2.84
	Specific adaptation



	BARI SP-14
	29.28
	−0.41
	0.31
	Wider adaptation



	BARI SP-15
	28.42
	0.01
	0.55
	Wider adaptation



	Local
	18.51
	1.04
	1.32
	Specific adaptation to the marginal environment
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Table 11. Summary statistics for survey variables under different sweet potato varieties.






Table 11. Summary statistics for survey variables under different sweet potato varieties.





	Variables
	Sample Mean
	Standard

Deviation
	Minimum
	Maximum





	Gross Output (US Dollar)
	2133.40
	238.05
	1599.40
	2828.51



	Land Size (hectares)
	0.43
	1.05
	0.11
	1.09



	Labor (man-days)
	91.72
	85.71
	63.42
	133.70



	Variable Cost (taka)
	805.43
	525.39
	547.51
	1295.56



	Fixed Cost (taka)
	103.48
	56.66
	86.17
	130.02



	Age (years)
	42.50
	11.13
	25.00
	66.00



	Education (years)
	8.31
	4.40
	0.00
	14.00
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Table 12. Economic profitability of OFSP. Data are presented mean ± standard error in US$ (1 US$ = 84.69 BDT).






Table 12. Economic profitability of OFSP. Data are presented mean ± standard error in US$ (1 US$ = 84.69 BDT).





	Varieties
	Yield

(t ha−1)
	Gross Return (US$ ha−1)
	Total Variable Cost

(US$ ha−1)
	Total Fixed Cost

(US$ ha−1)
	Total Cost

(US$ ha−1)
	Gross Margin

(US$ ha−1)
	Net Return (US$ ha−1)
	Benefit-Cost Ratio (BCR)





	BARI SP-8
	31.07 ± 2.7
	4412 ± 383
	1179
	194
	1373
	3233 ± 383
	3039 ± 383
	3.21 ± 0.28



	BARI SP-12
	32.00 ± 2.6
	4543 ± 368
	1179
	194
	1373
	3364 ± 368
	3170 ± 368
	3.31 ± 0.27



	BARI SP-14
	29.28 ± 1.7
	4157 ± 235
	1179
	194
	1373
	2978 ± 235
	2784 ± 235
	3.03 ± 0.17



	BARI SP-15
	28.41 ± 1.5
	4035 ± 212
	1179
	194
	1373
	2856 ± 212
	2662 ± 212
	2.94 ± 0.15



	Local
	18.51 ± 1.1
	2629 ± 159
	1179
	194
	1373
	1450 ± 159
	1256 ± 159
	1.91 ± 0.12
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