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Abstract

A field experiment was conducted to study the tuber-nitrogen (N), phosphorus (P) and potassium (K) mineral nutrients of Ipo-
moea batatas using 2 varieties (white fleshed Ipomoea batatas [WFIB] and orange fleshed Ipomoea batatas [OFIB]) and 3 intra-row
spacing (30, 45 and 60cm) with 60cm kept constant as inter-row spacing. These 2x3-experimental factors were combined and laid in
a randomized complete block design (RCBD) with 4 replications at the Abubakar Tafawa Balewa University, Teaching and Research
Farm, Bauchi, Nigeria during the 2007-2009 wet seasons. Results revealed that tuber-NPK mineral nutrients of WFIB and OFIB were
specifically at par to each other with critical values within permissible limits considered fit human consumption. Tuber-NPK mineral
nutrients increased from 30 to 60cm spacing with the exception of tuber-N in 2007 and 2009, tuber-P in 2007 and tuber-K in 2007
and 2009 where these Ipomoea batatas critical nutritional tuber mineral nutrients were especially similar from one spacing to an-
other. Interaction in tuber-NPK mineral nutrients between Ipomoea batatas varieties and spacing was not significant. Implying that

WFIB and OFIB responded similarly and linearly to corresponding changes due to spacing.
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Introduction

Ipomoea batatas is grown in many of the poorest region of the world mainly for human nutrition as in food and income [1-3]. It is a
poor resource farmer’s crop because of its low inputs requirements, ease of production, ability to produce under adverse weather and
marginal soil conditions [1,4]. Wide variability in [pomoea batatas cultivation and productivity has been attributed to variety, propagation
methods and materials, location or environment, season, soil factors and spacing or density [5-11]. In a work on field varieties of I[pomoea
batatas, performance of Falaha, Bareda, and Awasa-83 varieties were studied by [12]. The worker showed that quantity and pattern of
dry matter contents (DMC) produced and partitioned in the three varieties he worked with differed. Bareda variety produced the highest
tuber dry matter contents while Awasa and Falaha varieties were at par DMC-wise. He further observed that Falaha was most efficient in
partitioning dry mass to tubers, followed by Bareda and Awasa-83 varieties. Similarly, [13] studied nine exotic varieties (Regal, NC-262,
NC-1508, Kafr El Zayat No. 1, Yan Shu-1 and Fongsu No. 1; Tamayukata, Kyukei No. 63 and Satsuma hikari) with two local varieties (Hatay
Kirmizi and Hatay Beyaz) for two years between 2000 and 2001 in Turkey. Their results also showed that, DMC including protein and total
carotenoid contents (P&TCTs) of exotic varieties were influenced significantly. Kyukei No. 63 was an outstanding variety with the highest
DMC. More so the local varieties (Hatay Kirmizi and Hatay Beyaz) had considerably high DMC. Result on insoluble solids contents (AISCs)
of exotic varieties [13], which is a strong and good indicator of available mineral nutrients in [pomoea batatas tubers based on [14] and
[15], showed ranking patterns similar to DMC. The highest AISCs was recorded in Kyukei No. 63, whereas Regal, Yan Shu-1, Kafr El Zayat

No. 1 and Fongsu No. 1 gave low AISCs respectively [16] reported that carotenoid which is a precursor of vitamin A in Ipomoea batatas,
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depends on tuber flesh colour of varieties. Dark orange fleshed- coloured varieties are rich sources of -carotene, the most active provi-
tamin A carotenoid, while yellow or light orange-fleshed ones supplies moderate amounts of (3- carotene [17]. However, [18] recorded
significantly wider variations in - carotene contents among cultivars with much darker orange flesh colour compared to white fleshed
varieties. Advancing reasons for significant increases in TCTs and other important yield properties among Ipomoea batatas, [19] reported

that varietal differences, growing conditions with location and seasonal variations might be implicated.

Plant spacing is one of the most important factors contributing to critical tuber-yield properties in Ipomoea batatas [20-24]. Studies
on spacing have been carried out for several varieties and recommendations for most of them varied widely. Earlier, [25] recommended
closer spacing in order to obtain maximum performance for Ipomoea batatas varieties. While, [26] reported that wider plant spacing
increase tuber yield contents (TYCs) of varieties per unit area. Therefore, proper spacing in Ipomoea batatas is still a very strong contro-
versial issue among Ipomoea batatas growers worldwide [27,28]. A spacing of 30 - 60 cm between rows and 15 - 20 cm between plants
gave maximum TYCs in different parts of India [25]. In Uganda, a significant reduction in TYCs due to much closer spacing was recorded
[29]. In Cameroon, TYCs increases with increase spacing [16]. In Bangladesh, maximum TYCs was obtained when Ipomoea batatas vines
were planted at a spacing of 60x30cm and when further increased to 60x45 cm [30,31]. In a 2-year work conducted to test different field
row spacing that contained multiple rows of I[pomoea batatas and different plant spacing within rows, [32] found out that closer spacing
produced lesser TYCs than did the narrow and wider spacing. This particular response they associated it to the amount of moisture and
nutrients availability and rate of uptake of these plant nutrients in Ipomoea batatas. Closer spacing gave the highest plant density and
produced more tubers that could not synthesized great critical Ipomoea batatas assimilates before harvest date. They further illustrated
that this might have been due to competition for moisture and nutrients. Large size tubers with the widest spacing treatment suggest low-
est plant population. Competition was reduced at lower populations. A definite trend towards small and large sized-tubers as a measure
of tuber-mineral nutrient sink with respective closer and wider Ipomoea batatas spacing have been simultaneously reported by [20] and
[10]. The aims of this study were therefore to evaluate common cultivated Ipomoea batatas varieties and their possible interaction with

varied plant spacing for maximum and permissible levels of tuber-NPK mineral nutrients in Bauchi, Nigeria.

Materials and Methods

Field experiment was conducted during the wet seasons of 2007 - 2009 at the Abubakar Tafawa Balewa University, Teaching and
Research Farm, Bauchi, Nigeria (10° 17”N, 9° 49”E and 609.3m above sea level) in the Northern Guinea Savanna ecological zone of Nige-
ria [33]. Two different sites were used during the experiments. In 2007, the field used was cropped with Zea mays L. in 2006. The field
used for 2008 and 2009 however, was cropped with Vigna unguiculata Walp. in 2007. A most popular indigenous white-fleshed Ipomoea
batatas (WFIB) and an improved orange-fleshed Ipomoea batatas (OFIB) varieties [34] were used throughout the period of the study. The
vines for the two Ipomoea batatas varieties were obtained from a community based vine producer in Sabon-Kaura area of Bauchi, Nigeria.

In each year, standard 60cm vine lengths of WFIB and OFIB were subjected to 30, 45 and 60cm plant spacing as treatments, with a
constant 60cm row spacing. Factorial combinations of these treatments were arranged in a randomized complete block design with 4 rep-
lications. Land was demarcated into plots of 4 x 3.6m with 6 ridges using a measuring tape, lines, pegs and hand-type plough. A distance
of 1.0m and 1.5m were allowed between plots and replicates. However, in 2009 the experimental area was incidentally tractor- ploughed
before demarcating into plots. Planting of I[pomoea batatas varieties were done manually in third week of June of each season (after rain
has established) using single vine transplanted per hill as opined by [35]. Weeds were controlled manually with simple hoes under two

weeding regimes at 4 and 6 weeks after planting (WAP).

No diseases and pests infestation were observed on the plants. The crops were harvested manually, once at physiological maturity
using hand diggers and hoes. In each year’s experiment, composite soils samples were taken randomly before ploughing at 0 - 50 cm

depth, using a tubular auger. The samples were analysed to determine their physico-chemical properties based on standard procedures
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described by [36]. Results of the analysis revealed that soil of the experimental sites was sandy loam, slightly acidic in water and more
acidic in CaCl2, low in organic carbon, total nitrogen and available soil phosphorus with very low cation exchange capacity (CEC). The
basic cations (Ca, Mg, K and Na) are very high, probably due to previous cultivation practices. Yearly harvested tubers were bulked treat-
ment wise and from each treatment-bulked, samples of tubers were picked at random for mineral nutrients analysis as in tuber- nitrogen
(N), phosphorus (P) and potassium (K) concentrations following Micro- Kjeldahl digestion method and values read with the atomic Ab-
sorption Spectrophotometer (AAS) [37]. Data collected were subjected to analysis of variance to test the treatment effects for significance

using the ‘F’ test [38]. Duncan multiple range test (DMRT) was used to compare significant differences among means [39].

Results

Varieties had no significant effect on Ipomoea batatas tuber-N in 2007, 2008 and 2009 respectively. The tuber-N mineral nutrients
was observed to be statistically the same in the 3-year study. However, spacing had a significant effect on Ipomoea batatas tuber-N as it
increased significantly with spacing with the exception of spacing between 30 and 45cm, especially in 2007 and 2009 wet seasons. The
treatment-interaction recorded in tuber- N was not significant (Table 1). Varieties of [pomoea batatas had no significant effect on tuber-P
in 2007- 2009. Yearly tuber-P nutrients obtained was generally at par amongst varieties, but significantly increasing trend was derived
with spacing, except in 2007 wet season, where corresponding increases in tuber-P nutrients was similar from one spacing to another.
There was no significant interaction between treatments in tuber-P nutrients (Table 2). Tuber-K of Ipomoea batatas varieties in the 3
consecutive wet seasons study was not significant. Spacing had a significant effect on tuber-K nutrients of Ipomoea batatas. But tuber-K
nutrients in 2007 growing season between 30 and 45 including 45 and 60cm spacing was similar. Highest tuber-K nutrients was realized
with 60cm spacing in 2008. Similar trend was recorded in 2009 (except between 45 and 60cm spacing). The Ipomoea batatas varieties

and spacing interaction between varieties and spacing in tuber-K nutrients was also not significant (Table 3).

Treatments Year

2007 | 2008 | 2009
Variety
White-Fleshed Ipomoea batatas 6.4 8.0 16.7
Orange-Fleshed Ipomoea batatas 6.6 8.3 17.2
LS NS NS NS
SE+ 0.3 0.3 1.6
Spacing (cm)
30x 60 56b | 6.7c | 13.4b
45x 60 6.4ab | 8.2b | 16.4ab
60 x 60 7.6a | 9.5a | 21.0a
LS * * *
SE+ 0.4 0.3 2.0
Interaction
Variety x spacing ‘ NS ‘ NS ‘ NS

Table 1: Effect of variety and spacing on tuber-N nutrient contents (g kg) of Ipomoea batatas during the 2007- 2009 wet seasons at
Bauchi, Nigeria.
In a column, means followed by same letter are not significantly different at 5% probability level by DMRT.
LS. Level of significance NS. Not significant *Significant at 5% SE * Standard error.
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Table 2: Effect of variety and spacing on tuber-P nutrient content (g kg') of Ipomoea batatas during the

In a column, means followed by same letter are not significantly different at 5% probability level by DMRT.
LS. Level of significance NS. Not significant *Significant at 5% SE + Standard error.

Table 3: Effect of variety and spacing on tuber-K nutrient contents (g kg) of Ipomoea batatas during the 2007- 2009

In a column, means followed by same letter are not significantly different at 5% probability level by DMRT.
LS. Level of significance NS. Not significant *Significant at 5% SE * Standard error.

Treatments Year

2007 | 2008 | 2009
Variety
White-Fleshed Ipomoea batatas 4.5 6.0 11.1
Orange-Fleshed Ipomoea batatas 5.2 6.4 11.8
LS NS NS NS
SE+ 0.3 0.2 0.3
Spacing (cm)
30x 60 3.8b 5.0c 8.9c
45x 60 49ab | 63b | 11.1b
60x 60 5.9a 7.4a | 14.3a
LS * * *
SE+ 0.4 0.3 0.4
Interaction

Variety x spacing

| Ns | Ns | Ns

2007-2009 wet seasons at Bauchi, Nigeria.

Treatments Year

2007 | 2008 | 2009
Variety
White-Fleshed Ipomoea batatas 5.1 6.7 14.2
Orange-Fleshed Ipomoea batatas 5.4 7.0 14.9
LS NS NS NS
SE+ 0.4 0.1 0.9
Spacing (cm)
30x 60 4.0b | 53c | 11.2b
45x 60 5.4ab | 69b | 14.8a
60 x 60 6.4a | 84a | 17.6a
LS * * *
SE+ 0.5 0.2 1.1
Interaction

Variety x spacing

| NS | NS | Ns

wet seasons at Bauchi, Nigeria.
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Discussion

Tuber-NPK elements considered as key indicators of minerals in Ipomoea batatas [40] revealed that I[pomoea batatas varieties gener-
ally showed no significant and peculiar differences among them with regards to these important nutritional properties. Values recorded
in this study ranged from 4.5 - 17.2 g kg™ which fall within the permissible limits reported fit for human nutrition and health [41]. The
non-significant differences observed for tuber-NPK nutritional elements among respective varieties in this work may not be unconnected
with the fact that each variety has the capacity to synthesize the nutrient elements appreciably, so that subjecting them to the same field-
spacing conditions as a typical cultivation practice [42] could not bring about any variation. However, numerically, it was observed that
tuber-NPK concentrations in all years of study were slightly higher in orange-fleshed Ipomoea batatas compares to white-fleshed Ipomoea
batatas. This may be attributed to orange fleshed colour of the variety. Earlier, [42] reported a similar case in light fleshed coloured Ipo-
moea batatas with tuber dry matter contents. The current work also contradicts the findings made by [13,16-18]. These workers specifi-

cally reported that Ipomoea batatas differed in nutritional properties depending on the cultivable variety and season of production.

Spacing showed a significant influence on the tuber-NPK mineral nutrients of Ipomoea batatas varieties. The recorded highest criti-
cal tuber values of these nutrient elements of IJpomoea batatas which ranged from 3.8 - 21.0 g kg-1 was in the order of 60<45<30 cm
respectively. Reasons may not be far-fetched. The plant population due to each field-spacing regime [10,12,20,31,43] and their associated
competition for growth factors [41] including air and space led to the trend in tuber-NPK mineral nutrients obtained in the current work.
Intermittent responses of [pomoea batatas varieties to tuber-NPK mineral nutrients due to spacing in this report was similarly observed
by [41] when they used two vine lengths and inorganic fertilizers on [pomoea batatas. The workers attributed their observation to limi-
tations sets by the different length of vines, despite rational use of fertilizers. In the same vein, irrespective of genetic feat and other im-
portant productive or performance peculiarities of the two Ipomoea batatas varieties studied, spacing adopted here in conjunction with
soil physico-chemical nature of the area, set a definite pattern of physiological behaviour for the manufacture of nutritional tuber-NPK

mineral elements, which use of 60cm spacing appeared (Tables 1-3) favourable in this regard.

Conclusion

This study showed that agronomic practices such as use of varieties and spacing have influenced Ipomoea batatas’ tuber-NPK mineral
nutrients in the area of study. Particularly, establishing either white-fleshed Ipomoea batatas or orange-fleshed Ipomoea batatas in the
field using 60 cm spacing with a standard 60 cm long vines. The average I[pomoea batatas’ tuber-NPK mineral nutrients obtained in this
work ranged from 4.2 - 19.1 g kg’. The range of tuber-NPK nutrients are appreciable and excellently within permissible limits considered
fit for human nutrition and health. Therefore, field use of either white-fleshed [pomoea batatas or orange-fleshed Ipomoea batatas as com-
mon varieties spaced at 60 cm with a standard 60 cm long vines planted at single vine per hill is recommended for maximal manufacture
and ingest of tuber-NPK mineral nutrients among households and families in Bauchi and related environment for improved standard of

leaving.

Bibliography

1. VAritua and RW Gibson “The perspective of Sweet potato Chlorotic Stunt Virus in sweet potato production in Africa: A review”. Africa
Crop Science Journal 10.4 (2002): 281-310.

2. J] Hakiza, et al. “Potato and sweet potato improvement in Uganda: a historical perspective”. African Potato Association Conference
Proceedings 5 (2000): 47-58.

3. GJ Scott,, et al. “Roots and tubers for the 21 century: trends, projections and policy options 2020 Brief 66: a 2020 vision for food,

agriculture and the environment”. International Food Policy Research Institute (2000).

Citation: 1] Dantata. “Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients”.
EC Nutrition 8.4 (2017): 116-123.


https://www.ajol.info/index.php/acsj/article/view/27531
https://www.ajol.info/index.php/acsj/article/view/27531
http://ageconsearch.tind.io/bitstream/16243/1/dp000031.pdf
http://ageconsearch.tind.io/bitstream/16243/1/dp000031.pdf

Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

121

EE Care,, et al. “In: collaborative sweet potato breeding in eastern central and southern Africa”. CIP program Report 1995-1996. Lima,
Peru (1997): 49-57.

ME Austin and LH Aung “Patterns of dry matter distribution during development of sweet potato (Ipomoea batatas)”. Journal of
Horticultural Science 48.1 (1973): 11-17.

LA Wilson and SB Lowe. “The anatomy of root system in West Indian sweet potato (Ipomoea batatas [L.] Lam.) cultivars”. Annals of
Botany 37.151 (1973): 636-643.

SB Lowe and LA Wilson. “Yield and yield components of six sweet potato (Ipomoea batatas) cultivars. II. Variability and possible

sources of variation”. Experimental Agriculture 11.1 (1975): 49-58.

A Sajjapongse and YC Roan. “Physical factors root yield of sweet potato (Ipomoea babatas)”. In: RL Villarreal and TD Griggs (eds.).
Sweet potato. Proceedings of the First International Symposium AVRDC Taiwan, Chaina (1982): 203-208.

UB Apte., et al. “Stability analysis in short duration cultivars of sweet potato (Ipomoea batatas L.)". The Indian Journal of Genetics and
Plant Breeding 54.2 (1994): 133-136.

I] Dantata., et al. “Influence of variety and plant spacing on tuber size, tuber shape and fresh marketable yield of sweet potato in Bau-

chi, Nigeria”. Biological and Environmental Sciences Journal for the Tropics 7.3 (2010): 140-144.

W Semaw. “Effect of planting density on growth and yield of sweet potato [I[pomoea batatas (L.) Lam] varieties in Habru district,
Northern Ethiopia”. Unpublished M.Sc. Thesis, School of Plant Science, School of Graduate Studies, Haramaya University, Ethiopia
(2014): 1-83.

T Belehu. “Agronomical and physiological factors affecting growth, development and yield of sweet potato in Ethiopia”. Unpublished
Ph.D thesis, University of Pretoria (2003): 1-268.

ME Caliskan,, et al. “Growth, yield, and quality of sweet potato (Ipomoea batatas (L.) Lam.) Cultivars in the Southeastern Anatolian
and East Mediterranean Regions of Turkey”. Turkish Journal of Agriculture and Forestry 31.4 (2007): 213-227.

DH Picha. “Crude protein, minerals, and total carotenoid in sweet potatoes”. Journal of Food Science 50.6 (1985): 1768-1769.

DR La Bonte,, et al. “Carbohydrate-related changes in sweet potato storage roots during development”. Journal of American Society of
Horticultural Science 125 (2000): 200-204.

JA Woolfe. “Sweet potato, and untapped food resource”. Cambridge University Press England (1992): 1-325.

LM K’'osambo,, et al. “Influence of age, farming site, and boiling on pro-vitamin A content in sweet potato (I[pomoea batatas (L.) Lam.)
storage roots”. Journal of Food Composition and Analysis 11.4 (1998): 305-321.

CC Teow,, et al. “Antioxidant activities, phenolic and (-carotene contents of sweet potato genotypes with varying flesh colours”. Food
Chemistry 103 (2007): 829-838.

KD Singh and RC Mandal. “Performance of coleus and sweet potato in relation to seasonal variation, time of planting”. Journal Root
Crops 2 (1976): 17-22.

Citation: 1] Dantata. “Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients”.
EC Nutrition 8.4 (2017): 116-123.


http://www.tandfonline.com/doi/abs/10.1080/00221589.1973.11514502
http://www.tandfonline.com/doi/abs/10.1080/00221589.1973.11514502
https://www.researchgate.net/publication/248678658_Yield_and_Yield_Components_of_Six_Sweet_Potato_Ipomoea_batatas_Cultivars_II_Variability_and_Possible_Sources_of_Variation
https://www.researchgate.net/publication/248678658_Yield_and_Yield_Components_of_Six_Sweet_Potato_Ipomoea_batatas_Cultivars_II_Variability_and_Possible_Sources_of_Variation
http://agris.fao.org/agris-search/search.do?recordID=US201302621314
http://agris.fao.org/agris-search/search.do?recordID=US201302621314
http://www.indianjournals.com/ijor.aspx?target=ijor:ijgpb&volume=54&issue=2&article=007
http://www.indianjournals.com/ijor.aspx?target=ijor:ijgpb&volume=54&issue=2&article=007
http://213.55.85.90/handle/123456789/903
http://213.55.85.90/handle/123456789/903
http://213.55.85.90/handle/123456789/903
http://repository.up.ac.za/bitstream/handle/2263/26671/Complete.pdf?sequence=12
http://repository.up.ac.za/bitstream/handle/2263/26671/Complete.pdf?sequence=12
https://www.researchgate.net/publication/237377899_Growth_Yield_and_Quality_of_Sweet_Potato_Ipomoea_batatas_L_Lam_Cultivars_in_the_Southeastern_Anatolian_and_East_Mediterranean_Regions_of_Turkey
https://www.researchgate.net/publication/237377899_Growth_Yield_and_Quality_of_Sweet_Potato_Ipomoea_batatas_L_Lam_Cultivars_in_the_Southeastern_Anatolian_and_East_Mediterranean_Regions_of_Turkey
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1985.tb10592.x/full
http://journal.ashspublications.org/content/125/2/200.abstract
http://journal.ashspublications.org/content/125/2/200.abstract
http://pdf.usaid.gov/pdf_docs/pnabn334.pdf
https://cgspace.cgiar.org/handle/10568/28901
https://cgspace.cgiar.org/handle/10568/28901
http://www.academia.edu/19115663/Antioxidant_activities_phenolic_and_%CE%B2-carotene_contents_of_sweet_potato_genotypes_with_varying_flesh_colours
http://www.academia.edu/19115663/Antioxidant_activities_phenolic_and_%CE%B2-carotene_contents_of_sweet_potato_genotypes_with_varying_flesh_colours

Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

122

AK Sarkar. “Effect of plant density on yield of sweet potato”. ARC Training report. International Development Research Center of
Canada (IDRC) (1985): 1-4.

L Li, et al. “Dry matter production and partition of six sweet potato (Ipomoea batatas (L.) Lam) cultivars”. Journal of Agricultural
Association of China 131 (1985): 10-23.

HP Beukema and DE Van der Zaag. “Introduction to Potato Production”. Pudoc Wageningen, Netherland (1990).
H Sen,, et al. “Relative performance of some sweet potato entries at early harvesting”. Journal of Root Crops 16.1 (1990): 18-21.
CTCRI. Central Tuber crops Research Institute, Thinvanthapuram. “Cultural practices of sweet potato”. Extension Bulletin (1987).

MA Farooque,, et al. “Effect of planting methods and spacing on growth and yield of sweet potato”. Bangladesh Horticulture 11 (1983):
11-14.

VE Rubatzky and M Yamaguchi. “World vegetables: Principles, production, and nutritive values. 2" ed”. Chapman and Hall, New York
(1997).

JM Swiader, et al. “Producing vegetable crops. 4™ ed”. Interstate Publishers, Danville, 111 (1992).

R Kaggwa,, et al. “Incorporation of pigeon pea into sweet potato cropping systems to increase productivity and sustainability in dry
land area”. In 14" Triennial Symposium of International Society of Tropical Root Crops, 20-26 November 2006. Central Tuber crops
Research Institute. Thinivannthapuram, India. (2006): 1-186.

MKR Bhuiyan,, et al. “Research and development activities of sweet potato in Bangladesh”. In: 14" Triennial symposium of Interna-
tional Society of Tropical Root crops, 20-26 November 2006, Central Tuber Crops Research Institute. Thiruv anunthapuram, India
17 (2006).

Golder, et al. “Performance of BARI SP-6 and BARI SP-7, the newly released high yielding sweet potato varieties from Bangladesh”.
Journal of Root Crops 33.1 (2007): 16-19.

WB Burdine., et al. “Row configuration and plant spacing effects on sweet potato yield”. Annual Report of the NMREC, MAFES Informa-
tion Bulletin 386 (2002): 271-274.

JM Kowal and DT Knabe. “An agroclimatological atlas of the Northern States of Nigeria with explanatory notes”. Ahmadu Bello Uni-
versity Press, Zaria (1972).

00 Tewe,, et al. “Sweet potato production, utilization, and marketing in Nigeria”. Social Sciences Department, International Potato
Center (CIP), Lima, Peru (2003).

AB Alcoy. “Plant to plant yield variability of sweet potato (I[pomoea batatas (L.) Lam) as affected by planting material and time of
harvest”. MMSU Science and Technology Journal 1.1 (2007): 43-50.

PR Day. “Particle fractionation and particle size analysis”. In: (ed. Black C. A.), American Society of Agronomy. Madison, Wisconsin,
USA 9.1 (1965): 545-567.

A.0.A.C. “Official methods of analysis. 13'h ed”. Association of Official Analytical Chemists, Arlington, VA (1980).

Citation: 1] Dantata. “Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients”.
EC Nutrition 8.4 (2017): 116-123.


http://agris.fao.org/agris-search/search.do?recordID=TH2001001737
http://agris.fao.org/agris-search/search.do?recordID=TH2001001737
https://www.cabdirect.org/cabdirect/abstract/19900734921
https://www.cabdirect.org/cabdirect/abstract/19931646135
http://www.springer.com/in/book/9781461377566
http://www.springer.com/in/book/9781461377566
http://agris.fao.org/agris-search/search.do?recordID=US19930094495
https://www.researchgate.net/publication/266180060_Performance_of_%27Bari_Sp-6%27_and_%27Bari_Sp-7%27_the_Newly_Released_High_Yielding_Sweet_Potato_Varieties_from_Bangladesh
https://www.researchgate.net/publication/266180060_Performance_of_%27Bari_Sp-6%27_and_%27Bari_Sp-7%27_the_Newly_Released_High_Yielding_Sweet_Potato_Varieties_from_Bangladesh
https://www.researchgate.net/publication/37878049_An_Agroclimatological_Atlas_of_Northern_States_of_Nigeria_with_Explanatory_Notes
https://www.researchgate.net/publication/37878049_An_Agroclimatological_Atlas_of_Northern_States_of_Nigeria_with_Explanatory_Notes
https://dl.sciencesocieties.org/publications/books/abstracts/agronomymonogra/methodsofsoilana/545?access=0&view=pdf
https://dl.sciencesocieties.org/publications/books/abstracts/agronomymonogra/methodsofsoilana/545?access=0&view=pdf
http://agris.fao.org/agris-search/search.do?recordID=US19830838740

Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients

37.

38.

39.

40.

41.

42.

43.

123

GW Snedecor and WG Cochran. “Statistical methods. 6" Edition”. lowa State University Press, Amer. lowa, USA (1967).
DB Duncan. “Multiple range and multiple F. test”. Biometrics 11.1 (1955): 1- 42.

IC Onwueme and WB Charles. “Tropical root and tuber crops: production, perspectives and future prospects”. FAO Plant Production
and Protection Paper (1994): 126.

I] Dantata,, et al. “Effect of vine cuttings and inorganic fertilizers on the nutrient contents of sweet potato tubers (Ipomoea batatas [L.]
Lam) in Bauchi, Nigeria”. Dutse Journal of Agriculture and Food Security (DUJAFS) 3.2 (2016): 67-75

JH Bradbury and WD Holloway. “Chemistry of tropical root crops: significance for nutrition and agriculture in the Pacific”. ACIAR
Monograph 6 (1988): 201-206.

MR Ingabire and H Vasanthakaalam. “Comparison of the Nutrient composition of four sweet potato varieties cultivated in Rwanda”.
American Journal of Food and Nutrition 1.1 (2011): 34-38.

H Talleyrand. “Production of marketable and seed size roots for direct seedling of sweet potato through nutritional and cultural ma-
nipulations”. Dissertation Abstracts International B 41.12 (1981): 4340.

Volume 8 Issue 4 April 2017
© All rights reserved by IJ Dantata.

Citation: 1] Dantata. “Assessing Ipomoea batatas ([L.] Lam) Varieties and Spacing for Critical Nutritional Tuber-N P K Mineral Nutrients”.
EC Nutrition 8.4 (2017): 116-123.


http://agris.fao.org/agris-search/search.do?recordID=XF2016041573
http://agris.fao.org/agris-search/search.do?recordID=XF2016041573
http://aciar.gov.au/files/node/2267/mn6_pdf_18359.pdf
http://aciar.gov.au/files/node/2267/mn6_pdf_18359.pdf
https://scihub.org/AJFN/PDF/2011/1/AJFN-1-1-34-38.pdf
https://scihub.org/AJFN/PDF/2011/1/AJFN-1-1-34-38.pdf

	_GoBack
	_GoBack
	_GoBack

