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 Abstract- This experiment was conducted to investigate the 

effects of priming on regeneration of plantlets and early 

vegetative growth of a local variety of sweet potato (Ipomoea 

batatas L). The local variety, Ex-Igbariam, was primed by 

soaking medium sized cut tubers (12cm x10cm or 100g) in 10% 

coconut water, 10% orange juice, and in 10% coconut water and 

10% orange juice mixture with water as control for 12 hours 

before planting. Each treatment was replicated three times. The 

time taken to regenerate plantlets was recorded. Three weeks 

after planting, single regenerated plantlets were transplanted 

into perforated plastic containers and “hardened” under 

sunlight. Six weeks after planting, the number of plantlets, 

leaves, nodes and vine length were recorded. Data were analysed 

by analysis of variance (ANOVA) in a completely randomised 

design (CRD) at P = 0.05 and means were compared by use of 

the least significant difference (LSD) at P = 0.05. There was no 

significant difference in time taken for new plantlets to 

regenerate. Coconut water had significantly higher number of 

plantlets than other treatments. There were no significant 

differences in number of leaves, nodes and vine length of 

plantlets primed with coconut water, orange juice, and the 

mixture of coconut water and orange Juice. Water (control) 

produced significantly fewer leaves, nodes and shorter vines than 

other treatments. This study has shown that cut medium sized 

tubers primed with 10% coconut water, could double the 

number of healthy plantlets and thus provide more planting 

materials for farmers. 
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I.    INTRODUCTION 

he markets for sweet potato (Ipomoea batatas L) as a 

value-added processed food and source of bio-based 

industrial products are growing [1] Apart from its use as food 

and animal feed [2], [3], sweet potato can also produce large 

yields of biomass suitable for conversion to industrial 

products [4]. The starch can be converted to simple sugars and 

then used to produce plastics or fuels, such as ethanol and 

butanol [5]. Propagation of sweet potato is mainly by vine 

cuttings [6], which is gotten from established farms [1], [7] or 

feral plants from abandoned fields [8]. The greatest challenge 

in the propagation of sweet potatoes is shortage of vines for 

planting at the beginning of the farming season, due to the 

long period between harvest and the new planting season at 

the onset of rains [9]. Another major challenge is that with the 

use of vine cuttings, disease and insect infestation can be 

continuously spread from season to season and to other 

locations [10]. The alternative has been the use of pathogen 

free planting materials usually through use of costly 

procedures such as tissue culture. However, high production 

cost and lack of facilities have been an impediment to tissue 

culture adoption especially in sub-Saharan Africa [10]. An 

alternative to propagating sweet potato by use of vine cuttings 

or tissue culture is to plant whole roots in soil under shelter to 

allow for early sprouting [11], [12]; use small roots or, more 

commonly, pieces of roots [1] or mini-tubers [13]. The 

sprouts produced from storage roots prove to be excellent 

planting material for commercial farmers worldwide, but this 

method is slow and prone to losses due to decay of the roots 

[14]. One advantage of storage roots over vine cuttings is that 

they help to maintain genetic variability [6]. Thus more 

studies are crucial to progress root piece planting or mini-

tubers as a viable alternative to vines in sweet potato 

production. Researchers [1] outlined five areas for further 

studies with specific regard to storage roots to include (a) 

examination of the nature of heritability and the relationship 

between traits; (b) investigation of plant hormones or other 

chemical treatments to induce sprouting and rooting (c) 

understanding the developmental physiology and morphology 

of storage roots in sweet potato in relation to cultural 

management and breeding studies of root piece planting (d) 

investigations of the practical issues surrounding the use of 

root piece planting in commercial sweet potato production 

systems and (e) estimating the potential time and economic 

savings root piece planting may provide over conventional 

sweet potato production systems in terms of labour inputs, 

crop and seed increase potential and ultimately, profitability. 

This study therefore seeks to address, one of the areas of 

challenges identified, not by use of chemicals but by 

exploiting natural substances produced by plants. Plant 

growth regulators are natural substances produced by plant 

tissues in small quantities, and include auxins, cytokinins, 

abscisic acid, gibberellins and ethylene [15], especially at the 

apical points and transported to other regions acropetally and 

basipetally where they perform various physiological 

activities in the plant. They are normally active at very low 

concentrations in plants and play an important role in several 

physiological and developmental processes.  These include 

control of cell cycle, apical dominance, lateral root initiation, 

stem elongation, leaf and cotyledon expansion [16]. Also for 

regulation of many plant processes and the differentiation of 
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cells into specific plant parts, a variety of ratios and 

concentrations of these plant hormones are required rather 

than a single hormone acting alone [17]. They may act as both 

stimulators and inhibitors of growth, and could cause different 

plant parts (shoots, buds and roots) to respond differently, 

although the proportion of auxins (NAA) to cytokinins (BAP) 

determines the type and extent of organogenesis in plant cell 

cultures [18]. With the renewed interest in “no chemical” 

farming or organic farming, techniques and technologies are 

being developed based on the use of natural products as 

growth hormones, carbon and vitamin sources for in vitro and 

in vivo regeneration and propagation of plantlets [13], [19]. 

Earlier, [20] had pointed out the benefits of natural plant 

products such as fruit juices which could enhance the 

usefulness of plants as renewable resources of valuable 

materials. Such products can be optimized to play an 

increasingly significant role in commercial development of 

new products for regulating plant growth. Such substances 

should contain growth hormones or their precursors or have 

exhibited some potential to accelerate plant growth or induce 

sprouting and rooting of mini-tubers of sweet potato. Orange 

juice is a complex organic extract that contains carbohydrates, 

protein, several vitamins, lower levels of some amino acids 

and organic acids [21]. It is composed of vitamin C, thiamin, 

folate, vitamin B6, vitamin A, niacin, potassium, magnesium, 

calcium, iron, sodium and myo-inositol, [15], [22]. A study 

[23] found that the highest mean number of shoots from 

Radish (Raphanus sativus L.) Var. Beeralu observed in MS 

basal medium was with 10% orange juice whereas the 2nd 

highest shoots were obtained with 20% coconut water. Plant 

products such as coconut milk, banana extract and tomato 

juice can be very effective in providing organic nutrients and 

as growth factors [24], [25]. Coconut water contains mainly 

water (94%) and growth promoting substances that can 

influence in vitro cultures including inorganic ions, amino 

acids, organic acids, vitamins, sugars, alcohols, lipids, 

nitrogenous compounds and phytohormones [26]. Coconut 

water is a natural source of phytohormones such as auxin and 

cytokinin and they happen to be the most active 

phytohormones in coconut water [26]. The ability of coconut 

water to support plant growth is due to its capability to 

stimulate cell division and morphogenesis. Coconut water, a 

liquid endosperm, is reported to have high levels of zeatin a 

naturally occurring growth promoter in its composition and is 

frequently used in micro-propagation protocols of 

economically important crops [26],[27],[28]-[29]. Coconut 

water is also reported to contain indole-3-acetic acid (IAA) 

[26]; the primary auxin in plants and gibberellins [30, 31]. 

Other components found in coconut water include sugar, 

alcohol, lipids, amino acids, nitrogenous compounds, organic 

acids, and enzymes [32] and they play different functional 

roles in plants due to their distinct chemical properties. One 

advantage of coconut water is that it results in considerable 

plant cell proliferation without increasing the number of 

undesirable mutations [33]. This study was conducted 

therefore to investigate how priming with orange juice and 

coconut water would affect the proliferation of plantlets and 

shoot growth from mini-tubers of sweet potato. 

II. MATERIALS AND METHODS 

Preparing of primers 

The primers in this study, comprised: fresh orange juice, 

coconut water from mature coconut fruit, a mixture of coconut 

water and orange juice and water (control). Coconut water and 

orange juice primers were prepared by adding 50ml of each to 

separate 500ml of water (1:10 ratio of natural substance to 

water) while the mixture had 50ml of orange juice and 50ml 

of coconut water to 500ml of water.  

Preparation of sweet potato tubers and treatment applications 

The sweet potato variety used for this study was the Ex-

Igbariam a local white skinned, white fleshed variety obtained 

from the Rivers State University farm, Port Harcourt. Tubers 

of the sweet potato were washed under running water after 

which the tubers were cut into medium sized pieces of 

approximately 12cm x 10cm size or 100g weight to ensure 

that the primers could easily penetrate the tubers through the 

cut surfaces. Each medium sized tuber was soaked in the 

prepared natural substance primers for 12hours. At the end of 

priming, the cut medium sized tubers were removed and 

planted in perforated disposable transparent rectangular bowls 

(46cm length x 17cm width) containing 500gm of loamy soil 

with watering carried out as required for multiplication of 

plantlets. Three weeks after priming, each regenerated plantlet 

was transplanted into 60cl transparent plastic containers 

containing 200g of loamy soil and kept outside in direct 

sunlight to harden the plantlets preparatory to transplanting to 

the field. 

Experimental design, data collection and statistical analysis 

Treatments were the four natural substance primers described 

earlier with water as control in a completely randomized 

design with 3 replications. The data collected were the initial 

number of days taken to sprouting of the cut medium sized 

tubers. At 6weeks after priming/planting, number of plantlets 

produced, number of leaves, number of nodes, and vine length 

were recorded. All data were analyzed for significant 

differences using analysis of variance (ANOVA) in a 

completely randomized design (CRD) at (P ≥ 0.05). Mean 

separation was carried out using the Least significance 

difference LSD at (P ≥ 0.05). 

III.    RESULTS AND DISCUSSION 

Effects of priming on time taken to first sprouting of plantlets 

from tubers 

The effect of natural substances on the time taken to first 

sprouting is shown in Fig. 1. There was no significant 

difference (P <0.05) in the time taken to produce the first 

sprouts of plantlets of cut medium sized tubers in all priming 

treatments. 
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Fig. 1.  Effects of priming on time taken to first sprouting of plantlets tubers 

of Ex-Igbariam variety of sweet potato (Ipomoea batatas L) 

Effect of priming on number of plantlets 

The cut medium sized tubers primed with coconut water had 

significantly higher (P >0.05) number of plantlets than those 

of other priming treatments (Fig. 2). It has been reported that 

when added to a medium containing auxin, coconut water can 

induce plant cells to divide and grow rapidly [27]. The growth 

of spinach tissue on a medium supplemented with 10% to 

15% (v/v) mature coconut water increased the weight of 

spinach callus after 5 weeks and accelerated shoot 

regeneration [34]. Somatic embryogenesis of date palm 

(Phoenix dactylifera L.) was also improved by coconut water 

[35]. Reference [36] reported that coconut water at a level of 

75ml/L or higher initiated callus that was capable of 

proliferating into shoots. Coconut water was also used 

successfully for in vitro olive micro-propagation [37], for 

shoot induction of tissue culture of orchid [38] and for in vitro 

shoot regeneration of Celosia sp. [39]. Supplementation of 

coconut water to the culture medium enhanced sweet potato 

shoot regeneration and growth, with 20% coconut water 

showing significantly highest value [40] The number of 

plantlets obtained from the cut medium sized tubers primed 

with water, though higher was not significantly different (P 

<0.05) from those obtained from cut medium sized tubers 

primed with orange juice and those primed with the mixture 

of orange juice and coconut water. Although natural plant 

products such as fruit juices have been found to contain 

hormones that increase regeneration of plantlets from plant 

tissue during in vitro propagation [41], in this study there was 

no significant advantage in number of plantlets produced by 

orange juice or mixture of coconut and orange juice compared 

to other treatments. 

 

Fig. 2.  Effects of priming on the number of plantlets from tubers of Ex-

Igbariam variety of sweet potato (Ipomoea batatas L) 

Effects of priming on the number of leaves 

The effect of priming on the number of leaves is shown in 

Figure 3. Plantlets from medium sized tubers primed with 

water (control) produced significantly (P >0.05) fewer 

number of leaves compared to all other treatments. There 

were no significant (P <0.05) differences in number of leaves 

among plantlets primed with orange juice, coconut water and 

those of the mixture of orange juice and coconut water. 

Reference [42] attributed the robustness and high survival rate 

of plants cultured in coconut water to the high carbohydrate 

content which could be used to meet the respiratory demands 

while surviving the physiological shocks of ex-vitro 

procedures. It had been reported [43] that coconut water only 

had positive effect on number of leaves of in vitro plants, 

without affecting shoot length and the other parameters. 

 

Fig. 3. Effects of priming on number of leaves of plantlets from tubers of Ex-
Igbariam variety of sweet potato (Ipomoea batatas L) 
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Effects of priming on the number of nodes 

Medium sized tubers primed with coconut water, orange juice 

and coconut water and orange juice mixture did not differ 

significantly (P <0.05) in the number of nodes produced by 

their regenerated plantlets, but the number of nodes they 

produced was significantly higher (P >0.05) than those primed 

with water (control). Reference [44] found that maximum 

shoot length, number of shoots and number of nodes were 

achieved on MS medium containing 20% (v/v) coconut water 

with 2.0mg/L of BAP. Medium supplemented with NAA and 

coconut water yielded fastest emergence and highest number 

of buds in orchid [38]. It was observed [43] that the general 

trend indicating the increase in coconut water dose from 0 to 

100ml L-1 is positively associated with the increase in shoot 

length, number of leaves and number of internodes had 

indirectly led them to conclude about the positive effect of 

coconut water in the seedling development and growth of 

olive embryos. 

 

Fig. 4.  Effects of priming on number of nodes of plantlets from tubers of Ex-
Igbariam variety of sweet potato (Ipomoea batatas L) 

Effects of priming on vine length 

Priming with coconut water, orange juice and the mixture of 

coconut water and orange juice increased the length of sweet 

potato vines significantly (P >0.05) compared to tubers 

primed with water (control). Reference [25] had shown that 

the highest shoot length of banana was observed in the 

medium containing 100ml L
-1

 of  coconut water. Also addition 

of 100ml L-1 of coconut water and 50mg L
-1

 ascorbic acid, 

respectively in culture medium increased the rate of shoot 

regeneration/ multiplication per explants and shoot length as 

well as rooting ability of banana plantlets. Coconut water is a 

source of main growth hormones and vitamins viz., zeatin (-

alyl aminopurine), inositol and reduced nitrogen compounds. 

[45] also demonstrated the advantage of coconut water for 

stem elongation and plant development in passion fruit. The 

researchers [46] working with the olive cultivar „Ascolano 

315‟ reported that 25ml L-
1
 of coconut water associated with 

500μg L
-1

 of BAP generated plantlets with higher shoot length 

and heavier fresh biomass than in plantlets cultivated without 

these compounds. Orange juice, a source of ascorbic acid 

could also have improved vine length as reported [25] that 

average shoot length was increased significantly when 50L-

ascorbic acid was applied in the medium.  

 

Fig. 5. Effects of priming on vine length of plantlets tubers of Ex-Igbariam 

variety of sweet potato (Ipomoea batatas L) 

 

These results are in agreement with the findings of other 

researchers who have reported the efficacy of natural 

substances in regeneration of plantlets using in vitro 

techniques and macro-propagation methods in the 

regeneration of plantlets [47], [48], [49], [50], [44], [51], [52] 

[13]. 

IV. CONCLUSION  

This study has shown that using cut medium sized tubers 

primed with 10% coconut water, macro-propagation of 

healthy plantlets could be doubled in nurseries.  
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