



DETERMINING THE EFFECT OF LOCATION, VARIETY AND NPK FERTILIZER ON GROWTH AND YIELD OF SWEETPOTATO RAISED IN TRIPLE S SYSTEM IN SOUTHEASTERN NIGERIA

Abstract
[bookmark: _GoBack]The objective of the present investigation was to evaluate the effect of location and NPK fertilizer on three sweet potato varieties raised in Triple S system in south eastern Nigeria. Sweet potato is usually produced by small holder farmers living in marginal and fragile environments, the crop has been reported to respond to good soil fertility or fertilizer application. The development and introduction of new varieties of sweetpotato have resulted in yield improvements in the humid forest zone of south eastern Nigeria, but sustainable production has been constrained by poor soil fertility, due to high rainfalls which create problem through leaching of nutrients in the sandy loam ultisols of the region. The study was conducted in 2019 and 2020 in southeastern Nigeria to determine the effect of location and NPK fertilizer (15:15:15) on three sweet potato varieties raised in the Triple S system (storage in sand and sprouting). The experiment was laid out as a split-split plot in a randomized complete block design with three replications. Two locations in Abia state (Obingwa and Umuahia), southeastern Nigeria were the main plot treatments. Subplot treatments were three sweet potato varieties (white-fleshed T1S87/0087 and orange-fleshed Umuspo1 and Umuspo 3), while the sub-sub plot treatments were three levels of NPK fertilizer (0, 200, and 400kg/ha). Leaf area index at 8 and 12 WAP in 2019 and shoot biomass and storage root yield in both years were significantly higher in Obingwa than Umuahia location. The white-fleshed T1S87/00867 and orange-fleshed Umuspo1 varieties had higher values for above-ground biomass than orange-fleshed Umuspo 3, but the latter had significantly highest storage root yield, followed by Umuspo 1. In both cropping seasons, there was a linear increase in leaf area index, shoot biomass and storage root yield with an increase in NPK fertilizer up to 400kg/ha. The highest root yield was obtained from Umuspo 3 at Obingwa site when NPK fertilizer was applied at 400kg/ha. Decisions on the use of higher fertilizer rates must be based on economic considerations given the high costs of fertilizers, which in most cases are beyond the reach of the resource-poor farmers.
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Introduction 
Changes in soil nutrition caused by appropriate fertilization lead to an overall improvement in crop productivity. It is unknown whether different soil amendments could increase growth and yield of improved sweet potato varieties. Root and tuber crops play an important role in global food security, especially in the developing world. This may be because most of the cereals and the root and tuber crops consumed are low in vitamins (Darko et al., 2020; Sai & Paswan, 2024). Sweetpotato (Ipomoea batatas L.) originated in Central America but is now widely grown as an important staple food crop in a number of African countries including Nigeria (Dandago and Gungula, 2011, Awojobi, 2004). Sweet potato is cultivated on  poor  or  marginal  lands. Furthermore, the majority of the cultivars receive only few  or  no  fertilizer.  In the  face  of  these constraints, it is thus necessary to have the good cultural  technique  with  an  adapted  regime  of fertilization   which   offers   better   yields   in   the optimal conditions (Sidiky et al., 2019). As food for humans, sweetpotato root tuber is rich in carbohydrate and vitamin C while the Orange-fleshed varieties are particularly rich in beta-carotene, a precursor of vitamin A. vitamin A deficiency is a serious public health problem in many developing countries (Nwadinobi et al., 2018) and the consumption of small amounts of foods derived from orange-fleshed sweetpotato varieties could eliminate or reduce vitamin A deficiencies in young children and pregnant and lactating women. Sweetpotato roots can be consumed boiled, fried or roasted while the leaves serve as protein-rich leaf vegetables. The fresh root tubers and leaves also serve as livestock feed.
In areas with long dry seasons of more than 4 months, as is the case in Nigeria and other west African countries, the non-availability of planting material at the beginning of the planting season is a major constraint to attaining desired levels of sweetpotato production (CIP,2017). Most farmers in these areas do not retain sufficient quantities of vines for planting in the following season. Some farmers leave a few roots in the ground which sprout with the next rains, but are often affected by weevils and disease. In such a situation, the triple S ( storage in sand and sprouting ) technology has been used to produce sprouts or vines for multiplication, thus ensuring food availability early in the cropping season (Namanda et al, 2013). In this system, sweetpotato roots stored after harvesting are managed so that they sprout and produce good planting materials enough in the cropping season.  
Although sweetpotato is usually produced by smallholder farmers living in marginal and fragile environments, the crop has been reported to respond to good soil fertility or fertilizer application (Akpaninyang et al,2013, Ezechi et al, 2022). The development and introduction of new varieties of sweetpotato have resulted in yield improvements in the humid forest zone of south eastern Nigeria, but sustainable production has been constrained by poor soil fertility, due to high rainfalls which create a problem through the leaching of nutrients in the sandy loam ultisols of the region. Apart from the soil fertility status of the farmland, the fertility requirement for optimum yield is influenced by location, cropping systems, weather or rainfall patterns during the growing season. The objective of the present investigation was to evaluate the effect of location and NPK fertilizer on three sweetpotato varieties raised in Triple S system in southeastern Nigeria. The objective of the present investigation is to evaluate the effect of location and NPK fertilizer on three sweetpotato varieties raised in Triple S system in southeastern Nigeria.
Materials and Methods
The field experiments were conducted in 2019 and 2020 cropping seasons at Itu Ngwa, Obingwa and Umuahia in Abia state, south eastern Nigeria. Itu Ngwa, Obingwa is located on Latitude 5◦481N, longitude 7◦521E and on an elevation of 147m above sea level . Total annual rainfalls in Itu Ngwa, Obingwa were 2324.3mm for 2019 and 2354.3 for 2020. On the other hand, Umuahia lies at latitude 5o 34’ N, longitude 7o 34’E and on an elevation of 149m above sea level. Annual rainfalls in Umuahia were 3075.0mm in 2019 and 2292.8mm in 2020. Nursery operations of the Triple S system (sand, storage and sprouting) involved storing undamaged sweetpotato storage roots in layers of 5cm depth in dry sand in old buckets lined with pieces of newspaper to act as an absorbent for four months in November. Routine check was done at one month interval and decayed ones were removed and fresh ones stored back and later taken to the nursery for planting at four months after storage in the sand. The nursery site was slashed on 5 February, ploughed on 8 February, and beds 1.5m by 7.0m were made 1.0m apart on 14 February, 2019. In the second year planting, the nursery site was slashed on 7 February, ploughed on 10 February and beds 1.5m by 7.0m  made 1.0m apart on 24 February, 2020. Poultry manure at 2t/ha was incorporated into the beds at 2 weeks before planting. The sprouted roots were planted on reworked beds at a spacing of 50cm by 1 m within and between rows respectively on 10 March and watered morning and evening, thrice in a week. Vine cuttings were harvested at 8 weeks after planting (WAP).
The lands used for the field experiment were cleared and sampled for analysis for the soil physical and chemical properties in May. The experiment was laid out as a split-split plot in a randomized complete block design with three replications. The main plot treatments were two locations in Abia state (Obingwa and Umuahia), Nigeria. The subplot treatments were three sweetpotato varieties (orange-fleshed Umuspo 1 and Umuspo 3, and white-fleshed T1S87/0087) while the sub-sub plot treatments were three NPK (15:15:15) fertilizer rates (0, 200 and 400kg/ha).  Each sub plot measured, 3m x 6m and sub-sub plot, 3m x2m (6m2). The NPK fertilizer (15:15:15) was applied at different rates in appropriate plots at 6WAP. To avoid confounding residual effects from applied fertilizer, separate but adjacent plots within each location were used in each year.
The sweetpotato vines were obtained from healthy vine portions and were cut into lengths of four nodes. Planting was done on 23 May, 2019 and 19 May, 2020 on ridges made 1m aprt. The vines were planted at a spacing of 1m x 30cm, to give a plant population of 33,333 plants/ha. Supply of dead stands was done at 2 WAP. Weeding was done manually with hoe at 4 and 8 WAP. Data collected were on leaf area index, shoot biomass (t/ha) and storage root yield in 2019 and 2020. Leaf area used to estimate the leaf area index was obtained by multiplying the mean of length and width of leaves of three tagged plants taken from the base, middle and tip of the plants by a correction factor (Ramanujam and Indira, 1978). The correction factor for varieties (T1S87/0087 and Umuspo 3) with leaves that are non-lobed is 0.45 and multi-lobed (Umuspo 1) is 1.24. Data on leaf area index were obtained at 8, 10 and 12 WAP while data on shoot biomass and storage root yield were taken at 18 WAP; The data were subjected to analysis of variance (ANOVA) using Genstat (2013) statistical package. The least significant difference was used to compare means at 0.05 level of probability if ANOVA tested significantly.

Results  
The soil type in Obingwa was loamy sand in 2009 and 2020, and had higher values for soil pH, organic matter, nitrogen, phosphorus and potassium than Umuahia soil which was sandy loam in 2019 and loamy sand in 2020 (Table 1). Obingwa had an unimodal rainfall distribution pattern, with a more stable May to October rainfall of above 1900 mm in both years, whereas, Umuahia had bimodal rainfall, with the May to October rainfall in 2019 (2,642.4mm) nearly double that of Obingwa in 2019 and 2020. The rainfall in Obingwa had a single peak in August while rainfall in Umuahia had the first and second peaks in July and September in both years.
Leaf area index was significantly influenced by location, variety and NPK fertilizer in 2019 (Table 2). At 8 and 12 WAP in 2019, sweetpotato leaf area index was higher in Obingwa than in Umuahia site. The effect of variety was such that T1S87/0087 at 8 WAP, had statistically similar leaf area index as Umuspo 1, but higher values than Umuspo 3. At 12 WAP, however, Umuspo 1 had a similar leaf area index as Umuspo 3 but higher values than T1S87/0087. 
Furthermore, fertilized plants had higher leaf area indices than unfertilized ones, and this increased progressively with increased application of NPK fertilizer up to 400kg/ha. A repeat of the experiment in 2020 gave similar results for NPK fertilizer, as the leaf area index increased significantly with incremental application of fertilizer (Table 3). The effects of location and variety were not significant in 2020. 
The main effects of location, variety and fertilizer were significant on shoot biomass in both 2019 and 2020 cropping seasons (Table 4). In all instances, shoot yield was consistently higher in Obingwa than Umuahia site. In 2019, white-fleshed T1S87/0087 and orange-fleshed Umuspo 1 varieties produced similar above-ground biomass but higher values than orange-fleshed Umuspo 3 varieties. In 2020, however, Umuspo 1 had the highest shoot biomass, followed by T1S87/0087 while Umuspo 3 gave the lowest biomass. 
There was a linear increase in shoot biomass with each successive increment in NPK fertilizer application up to 400kg/ha. Three-way interaction effects of location x variety x fertilizer were significant on shoot biomass in both years (Table 5). Generally, the highest top yield was produced at Obingwa in T1S87/0087 and Umuspo 1 varieties when NPK fertilizer was applied at 400kg/ha.
Storage root yields in both years were also significantly higher in Obingwa than Umuahia (Table 6). On the other hand, root yield was significantly highest in orange-fleshed sweetptato Umuspo 3 variety, followed by Umuspo 1 while white-fleshed T1S87/0087 consistently had the lowest yield. Like shoot biomass, there was a significant linear increase in storage root yield with increase in NPK fertilizer up to 400kg/ha. Three-way interaction effects of location x variety x fertilizer also significantly influenced storage root yield in both cropping seasons (Table 7). The highest storage root  yield was obtained from Umuspo 3 variety at Obingwa site when NPK fertilizer was applied at 400kg/ha.  While the highest root yields obtained at 400kg/ha NPK rate in Umuspo 3 were significantly higher than those from Umuspo1 in Obingwa, the yields from these orange-fleshed varieties (Umuspo 3 and Umuspo 1) did not vary significantly at 400kg/ha NPK fertilizer rate in Umuahia site. 









Table 1: Soil properties of the sites and monthly rainfall for the experimental periods
	
	             Obingwa
2019
	
2020
	             Umuahia
2019
	
2020

	Soil properties
	
	
	
	

	Sand
	82.0
	83.5
	78.5
	83.0

	Clay
	7.3
	7.3
	6.3
	6.8

	Silt
	10.7
	9.2
	15.2
	10.2

	Tectural class
	Loamy sand
	Loamy sand
	Sandy loam 
	Loamy sand

	pH (water)
	6.2
	6.0
	5.7
	5.5

	OM (%)
	3.9
	4.1
	3.0
	2.8

	Total N (%)
	0.20
	0.22
	0.15
	0.15

	Avail. P (mg/kg)
	51.0
	47.8
	37.8
	36.6

	Exch.K (Cmol/kg)
	0.25
	0.38
	0.14
	0.13

	Monthly rainfall (mm)
	
	
	
	

	May
	260.2
	267.3
	355.7
	272.4

	June
	338.4
	338.4
	523.7
	388.2

	July
	346.7
	346.7
	554.1
	453.4

	August
	358.7
	359.0
	206.6
	90.0

	September
	328.3
	330.3
	635.0
	438.3

	October
	278.3
	278.4
	367.3
	235.6

	Total for the period
	1,910.6
	1,920.1
	2,642.4
	1,877.9























Table 2: Effect of location, variety and NPK fertilizer on leaf area index of sweetpotato at different weeks after planting in 2019
	
	Weeks after planting
	
	

	
	8
	10
	12

	Location
	
	
	

	Obingwa
	2.46
	3.34
	5.31

	Umuahia
	1.95
	3.26
	4.87

	LSD (0.05)
	NS
	NS
	NS

	Variety
	
	
	

	T1S 87/0087
	2.46
	3.16
	4.59

	Umuspo 1
	2.42
	3.44
	5.71

	Umuspo 3
	1.73
	3.31
	4.97

	LSD (0.05)
	NS
	NS
	NS

	NPK fertilizer (kg/ha)
	
	
	

	0
	1.05
	2.13
	3.31

	200
	2.20
	3.16
	4.32

	400
	3.36
	4.61
	7.64

	LSD(0.05)
	0.23
	0.22
	0.26




















Table 3: Effect of location, variety and NPK fertilizer on leaf area index of sweetpotato at different weeks after planting in 2020
	
	Weeks after planting
	
	

	
	8
	10
	12

	Location
	
	
	

	Obingwa
	0.57
	1.48
	3.35

	Umuahia
	0.64
	1.50
	3.09

	LSD (0.05)
	NS
	NS
	NS

	Variety
	
	
	

	T1S 87/0087
	0.58
	1.36
	3.28

	Umuspo 1
	0.67
	1.59
	3.52

	Umuspo 3
	0.57
	1.51
	3.13

	LSD (0.05)
	NS
	NS
	NS

	NPK fertilizer (kg/ha)
	
	
	

	0
	0.04 
	0.20
	1.43

	200
	0.69 
	1.73
	3.16

	400
	1.08 
	2.54
	5.33

	LSD(0.05)
	0.10
	0.24
	0.35


















Table 4: Main effect of location, sweetpotato variety and NPK Fertilizer on shoot biomass (t/ha) in 2019 and 2020
	Location
	2019
	2020

	Obingwa
	20.7
	21.4

	Umuahia
	13.1
	14.3

	LSD(0.05)
	4.5
	0.9

	
	
	

	Varity
	
	

	TIS87/0087
	18.5
	18.5

	Umuspo1
	18.5
	20.7

	Umuspo3
	13.7
	14.3

	LSD(0.05)
	2.2
	

	NPK Rate (kg/ha)
	
	

	0
	2.5
	3.2

	200
	14.3
	17.4

	400
	33.9
	2732.9

	LSD(0.05)
	2.2
	1.1
















Table 5: Effect of interaction of location,sweetpotato varierty and NPK fertilizer  on shoot biomass (t/ha) in 2019 and 2020
	
Location
	
NPK rate (kg/ha)
	Variety 
TIS 87/0087
	
Umuspo 1
	
Umuspo 3

	
	
	               2019
	
	

	Obingwa
	0
	5.3
	2.3
	1.8

	
	200
	26.4
	27.6
	10.2

	
	400
	40.7
	41.2
	30.5

	Umuahia
	0
	1.2
	1.9
	2.4

	
	200
	7.3
	4.8
	9.6

	
	400
	30.1
	33.1
	27.9

	
	
	               2020
	
	

	Obingwa
	0
	5.2
	4.2
	2.7

	
	200
	25.1
	28.9
	14.9

	
	400
	37.1
	42.8
	31.5

	Umuahia
	0
	1.8
	2.9
	2.5

	
	200
	14.0
	12.1
	9.7

	
	400
	27.9
	33.5
	24.6


LSD for L x F x V means =				           2019		        2020
								5.3		        2.8















Table 6: Main effect of location,sweetpotato variety and  NPK fertilizer on storage root yield (t/ha) in 2019 and 2020
	
	2019
	2020

	Location
	
	

	Obingwa
	24.4.
	25.9

	Umuahia
	14.3
	14.0

	
	
	

	LSD(0.05)
	4.7
	1.1

	NPK rate (kg/ha)
	
	

	0
	0.046
	0.050

	200
	0.353
	0.405

	400
	0.762
	0.758

	Mean 
	0.387
	0.404

	LSD(0.05)
	0.027
	0.070

	Variety
	
	

	TIS 87/0087
	0.362
	0.296

	Umuspo 1
	0.404
	0.437

	Umuspo 3
	0.395
	0.480

	Mean
	0.387
	0.404

	LSD(0.05)
	0.023
	0.070


















Table 7: Effect of interaction of location, NPK fertilizer and sweetpotato variety on storaghe root yield (t/ha) in 2019 and 2020
	Location
	NPK rate (kg/ha)
	Variety 
TIS 87/0087
	
Umuspo 1
	
Umuspo 3

	
	
	                 2019
	
	

	Obingwa
	0
	5.5
	7.7
	11.1

	
	200
	11.7
	25.0
	28.1

	
	400
	31.2
	44.6
	55.0

	Umuahia
	0
	2.7
	5.9
	6.7

	
	200
	4.2
	8.6
	11.6

	
	400
	24.7
	32.2
	29.7

	
	
	                2020
	
	

	Obingwa
	0
	5.9
	7.7
	12.6

	
	200
	12.3
	25.9
	31.5

	
	400
	32.1
	45.6
	59.1

	Umuahia
	0
	2.5
	6.1
	6.5

	
	200
	4.1
	8.3
	11.1

	
	400
	26.5
	31.7
	29.3


								2019		        2020
LSD (0.05) for L x F x V means					4.07                         3.39                               

Discussion 
Sweetpotato leaf area index, shoot biomass and root yield were higher at Obingwa than Umuahia , due probably to differences in soil fertility and rainfall pattern in both locations. For instance, the more favourable Obingwa site had soil organic matter, nitrogen, phosphorus and potassium contents greater than critical levels while soil potassium (0.137 Cmol/kg) in Umuahia was lower than the critical value of 0.2 Cmol/kg reported by Fairhurst (2012). Rainfall was also more evenly distributed and favourable in Obingwa than in Umuahia. Monthly rainfalls at Obingwa ranged from 260.2 mm in May to 358.7 mm in August,2019 and from 267.7 mm in May to 359.0mm in August,2020. The situation in Umuahia varied greatly and was mostly above the 200 to 250 mm monthly rainfall recommended for good yields of sweetpotato (Anioke, 1996). The rainfall in Umuahia ranged from 206.6 mm in August to 635.0 mm in September  in 2019 from the 90.0 mm in August to 453.4 mm in July in 2020. The implication for sweetpotato production is that in Umuahia site, monthly rainfalls were very low in August in 2020 and very high in 2019 in most months sweetpotato production during the growing season. The great fluctuations observed in monthly rainfall in Umuahia may have caused leaching of nutrients or moisture stress and reduced agronomic efficiency of nutrients from fertilizer applied and reduced yield. Although sweetpotato is a drought-tolerant crop, yields were decreased by the lack of soil moisture while excess moisture caused poor tuberous root development and rotting (Abaka-White, 1994).
Fresh top and root yields showed positive response to NPK (15:15:15) fertilizer application in both cropping seasons. The observed linear increase in root yields with increasing fertilizer rates across locations and varieties is an indication that the optimum yield for sweetpotato could be higher than the 36.7 to 37.4t/ha observed at the highest NPK fertilizer rate of 400kg/ha. Fertilization for efficient nutrient use by plants has been identified as a necessary cultural input for improving the growth and yield of crops (Law-Ogbomo and Remison, 2007). Notwithstanding that 400kg/ha NPK fertilizer rate is recommended for sweetpotato in Nigeria (Njoku, 2009; NRCRI, 2006), the results of the present investigation suggest that sweetpotato may respond to NPK fertilizer rate above 400kg/ha; following the release of new varieties. Since NPK fertilizer progressively increased root yield within the range of fertilizer used, the decision on the appropriate fertilizer rate should be based on economic returns given the cost of NPK fertilizer in Nigeria. In yam, Law-Ogbomo and Remison (2007) attributed the positive response of the tuber to NPK fertilizer application to the fact that it prolonged vegetative growth duration leading to longer growth and the highest yield.
Between the varieties, orange-fleshed Umuspo 3 produced the highest average storage root yield of 23.7-25.0t/ha, followed by Umuspo 1 (21.0t/ha) while white-fleshed TIS 87/0087 had lowest yield (14.0t/ha). The highest yield recorded in Umuspo 3 may probably be due to its high potential for the production of more storage roots and greater root weight. Akpaninyang et al. (2015) reported a similar trend in sweetpotato, especially where disease-free cuttings were used. Unlike the results for yield, Umuspo 3 which gave higher root yield had lower shoot yield and leaf area index than Umuspo 1 and TIS 87/0087, due essentially to reduced leaf production which did not result in mutual shading of leaves in the former. Okpara et al. (2009) and Kuo and Chen (1991) indicated that limited leaf growth at the bulking period was related to high yield, with excessive shoot growth limiting the bulking of storage roots. Although the cultivars showed a similar trend in root yields, Umuspo 3 produced the highest root yield in Obingwa, whereas Umuspo3 and Umuspo1 (orange-fleshed varieties) maintained similar high yields in Umuahia when NPK fertilizer was applied at 400kg/ha. In contrast, white-fleshed TIS 87/0087 variety showed high nutrient needs and had poor yields in Umuahia which had lower soil fertility status even with the application of NPK fertilizer at 200kg/ha. This corroborates the findings of Okpara et al. (2009) that TIS 87/0087 is a high or nutrient response variety which gives high yields at high fertilizer rate.
Conclusion 
Environmental conditions during the growing season had considerable effects on sweetpotato production, with Obingwa site having higher growth and storage root yield than Umuahia. Umuspo 3 variety consistently produced the highest root yield, followed by Umuspo 1 while T1S87/0087 had the lowest yield in Obingwa. In Umuahia site, Umuspo3 and Umuspo1 produced highest roor yields. In general, storage root yield increased linearly with an increase in NPK fertilizer rate, indicating that the sweet potato cultivars may respond to higher NPK fertilizer levels in the two locations. However, the decision on the use of higher fertilizer rates must be based on economic considerations given the high costs of fertilizers, which in most cases are beyond the reach of the resource-poor farmers. In all, the highest root yield was obtained from Umuspo 3 variety at Obingwa when NPK fertilizer was applied at 400kg/ha.
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