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Abstract 
Two field studies were carried out using Solanum macrocarpon and Solanum scabrum to investi-
gate the effects of planting methods and seed density required for optimum biomass yield and nu-
trient content in southwest Nigeria. Two planting methods (drilling and broadcasting), and two 
seed densities (4 and 8 table spoon full) were investigated as a 2 × 2 × 3 factorial experiment in 
randomized complete block design and replicated three times. Four seed spoons gave 25.78 kg 
seeds ha−1 for S. macrocarpon and 20.67 kg·seeds·ha−1 for S. scabrum. Significant highest S. macro-
carpon shoots (2.75 kg·m−2) and Ca, K, Fe and Zn contents and S. scabrum (2.95 kg·m−2) and Zn 
content, were obtained with drilling and four spoons of seeds compared with broadcasting and 8 
spoons of seeds. This treatment gave average values for N, P, K, Mg, Ca, Na, Fe, Zn, Mn, Cu, Ca/P and 
Na/K ratio were 2.79%, 0.03%, 3.37%, 1.64%, 0.02%, 300 mg·kg−1, 100 mg·kg−1, 300 mg·kg−1, 8 
mg·kg−1, 1.22 and 0.008 for S. macrocarpon and 2.05%, 0.27%, 5.81%, 3.27%, 2.91%, 0.09%, 280 
mg·kg−1, 52.99 mg·kg−1, 359.35 mg·kg−1 and 22.42 mg·kg−1, 11.63 and 0.016 for S. scabrum. It was 
concluded that planting in drilling made weeding, fertilizer application, irrigation and harvesting 
more effective rather than by broadcasting, and four spoons of seeds per 9 m−2 produced deep 
green and broader leaves and balanced nutrient contents than eight spoons of seeds. 
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1. Introduction 
Minimum daily intake of 400 g of fruits and vegetables has been recommended for good health and general well 
being [1]. Solanum macrocarpo and Solanum scabrum are among the indigenous underutilized vegetables con-
sume by the resource poor women in the southwest Nigeria to meet daily vegetable requirements to supply min-
erals, vitamins and protein for women because of their inability to purchase highly nutritious food items such as 
egg, meat and milk [2]. Solanum macrocarpon is known as Igbagba and Solanum scabrum as Ogunmo in the 
region (Figure 1). Solanum scabrum leaves extract have been used to treat diarrhoea and jaundice in children. 
Raw fruits are also used to treat stomach ulcers when chewed and swallowed [3]. They are cooked as soups with 
or without melon and other ingredients. However, Production and consumption of the vegetables have been lim-
ited, primarily, due to insufficient information on the agronomic requirements, nutritional and health benefits, 
cooking techniques and market opportunities [4]. The two vegetables are believed to be nutritive and serve as 
cheap sources of minerals and vitamins. Helping women improve the productivity of more nutritious, high-value 
products such as vegetables will not only increases family income but also promotes ground-level nutrition by 
increasing the amount of healthy food available for home consumption. This crop diversification provides vari-
ety for primarily rice-based diets, which inherently lack the availability of primary, secondary and micronutri-
ents necessary for human health [5]. 

There is no information on planting methods and density for S. macrocarpon and S. scabrum in soils of 
southwest Nigeria. There is substantial information mainly on practices of commercial vegetable amaranth 
grown in the southwest Nigeria. Amaranth vegetables are grown by broadcasting large amounts of vegetable 
seeds in an open land, with application of unregulated amount of nitrogen fertilizer [6]. This practice often re-
sults in vegetable roots competing for space, nutrients and water [7]. Heavy doses of nitrogen fertilizer often re-
sulted in leaching of nitrogen into water bodies. Nitrates and nitrites occur widely in our foods and drinks [8]. 
The contamination of water with nitrates and nitrites has potential adverse effects on communities or people 
who depend solely on these sources of water. Nitrite is known to be a precursor of toxic and carcinogenic 
N-nitrosamines [9] and induces cancer in experimental animals [10]. Vegetable Amaranth has emerged as the 
most cultivated vegetable in rural and urban centres of southwest Nigeria because it is a C4 species, it grows fast 
if in good condition: deep loose fertile soil, plenty of light and high temperature and humidity. It also use water 
more efficiently [11]. 

Food production remains well below its potential in Africa. Africa has a quarter of the world’s arable land, 
 

  
(a)                                                            (b) 

Figure 1. Photo of (a) Solanum macrocarpon; (b) Solanum scabrum. 
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but only generates 10 percent of global agricultural output. In addition, more than 75 percent of total arable land 
in SSA is degraded with nearly 3.3 percent of agricultural GDP lost annually because of soil and nutrient loss. 
Considering the increasing societal demand for food, which should be produced in a more sustainable way [12] 
and the adverse effects of climate change [13]. Increasing the number of vegetable diversities and the quantity of 
vegetable produced will increase peoples’ resilience to climate change. Agronomic requirements of S. macro-
carpon and S. scabrum are different from that of the popularly grown Amaranthus spp. It is more difficult to 
measure the amount of fertilizer needed on vegetable farms where cultivated lands are not layout and the quan-
tity of seed not measured. Good quality vegetable would be produced when vegetable plots are layout and ap-
propriate and balanced fertilizer applied. Improved vegetable productivity and resources use efficiency could 
only be achieved, when appropriate planting technologies and seed density for the vegetables are available. 
Production of good quality vegetables would promote national, regional and international market opportunities 
for indigenous vegetables of southwest Nigeria. There is the need for an improvement in the practices of the 
leafy vegetable production in the region [14]. 

The objective of this study was to investigate the effects of planting methods and seed density on biomass 
yield and nutrient composition of Solanum macrocarpon and Solanum scabrum, with a view to elucidate the 
best methods for producing quality vegetables. 

2. Materials and Methods 
2.1. Description of the Study Area 
The study was carried out at the Teaching and Research Farm of the Obafemi Awolowo University, Ile-Ife, Ni-
geria located on latitudes 7˚31' and 7˚33'N and longitudes 4˚33'E and 4˚34'E, in the rain forest zone of southwest 
Nigeria. The wet and dry seasons extend from April to October and November to March, 2013, respectively. 
The pattern of rainfall is bimodal, with the average annual rainfall estimated to be about 1400 mm. The average 
monthly temperature ranges from 18.9˚C to 34.6˚C and the mean monthly relative humidity is 61% and 83% for 
the early and late planting seasons, respectively. The study was carried out two times. The first planting was 
between December, 2012 and April, 2013. The second planting was carried out between January and May, 2013. 

2.2. Soil Sampling, Preparation and Analysis 
Bulk surface soil samples (0 - 15 cm) were collected from unfertilized plots from Obafemi Awolowo University, 
Teaching and Research Farm, Ile-Ife. Soils at the sampling site have been classified as Iwo series [15] and Typic 
Paleustult [16] [17]. Soil samples were air dried, crushed in agate mortar, passed through a 2-mm sieve, and 
analyzed for following properties. Particle size distribution was determined by the modified hydrometer method 
[18] using 0.2 M NaOH solution as the dispersing agent. Soil pH was determined using a glass electrode pH 
meter in both distilled water and 0.01 M CaCl2 solution, using 1:2 soil:CaCl2 solution [19]. Soil organic carbon 
was determined by the chromic acid digestion method [20]. The total N concentration was determined by 
macro-Kjeldahl method [21], and the available P was extracted by Bray-1 method [22] and determined using 
Spectrometer (Model 721 Visible Spectrophotometer, Axiom Mediral LMD. U.K.). Exchangeable K, Ca, Na 
and Mg were extracted with neutral (pH 7) solution of 1N NH4OAc. Potassium, Ca and Na were determined us-
ing the flame photometer (flame photometer model 2655-00 Digital Flame Analyzer, Cole-Parmer Instrument 
Company, Chicago, Illinois 60061) and Mg by the atomic absorption spectrophotometer (PG-900 Atomic Ab-
sorption Spectrophotometer Model, PG-instrument Ltd. United Kingdom). 

2.3. Experimental Design 
Experimental design was a 2 × 2 factorial arranged into a Completely Randomized Design consisting of two 
levels of plant methods: drilling and broadcasting, the two levels of seed density were 4 spoonful, 23.2 g 9 m−2 

(25.78 kg·ha−1) for S. macrocarpon and 18.6 g 9 m−2 (20.67 kg·ha−1) for S. scabrum, and 8 table spoonful of 
seeds, 48.4 g 9 m−2 (53.78 kg·ha−1) for S. macrocarpon and 37.2 g 9 m−2 (41.33 kg·ha−1) for S. scabrum, it was 
replicated three times. Spacing was 3 m × 3 m per plot with 1 m spacing in between the plots. For planting by 
drilling, each plot was divided into twelve (12) rows with spacing of 0.25 m in between the rows. For four (4) 
spoonful seed, eight (8) spoons of dry fine sand were added to the seeds in a dry deep plastic container and for 
eight (8) spoons of seed, four spoons of dry fine sand were added to the seeds. Seed and sand were thoroughly 
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mixed together and a spoon of the mixture was evenly spread per row on each plot. For planting by broadcasting, 
seed and sand were mixed together as stated above, and evenly spread on each plot. The vegetable seeds were 
obtained from the Agro dealer in Ile-Ife who purchased the seeds from vegetable farmers in Aba, Edo State, Ni-
geria. Sunshine organic fertilizer was obtained from the Ondo State Government, which contained 3.5%N, 
1.00%P and 1.2%K was applied at 80 kg·N·ha−1 two weeks before planting. The first harvest of S. Scabrum 
shoot was carried out by cutting the stem at 6cm above the soil level at six weeks after planting while S. macro-
carpon was harvested at eight weeks after planting. NPK 20-10-10 was applied at 80 kg·N·ha−1 immediately af-
ter the first harvesting of plant shoots. When Bemisia tabasi were observed on the vegetable plants, Neem 
(Azadicachta indica) leaf extract was used in controlling the insect pests. Young neem leaves were collected and 
rinsed with water. In the laboratory, 10 g of the neem leaves were weighed into reagent bottles each containing 
100 ml of water and boiled in a water bath at 100˚C for five minute [23]. This is important to ensure that the ac-
tive ingredients in the leaves were not denatured through overheating. The boiled ingredients were allowed to 
cool and then sieved to remove the leaves. The neem plant leaf extract was applied to the plants at 10% rate, two 
times at two weeks interval. The powdery colour and the pests disappeared from the plant leaves and the plant 
looked very healthy thereafter. The neem leaf extract was found to be very effective in controlling the insect 
pests. Neem leaf extract was applied starting from 14th Feb, 2013 (at seven weeks after planting) and was re-
peated once a week for four weeks consecutively. Plants were wetted ad libido early in the morning and in the 
evening starting at seed planting till March, 2013 when rains started. Weeds were removed by hand picking 
every week, no herbicides were used. 

2.4. Data Collection 
Solanum scabrum shoot was harvested at six weeks after planting (WAP) whereas Solanum macrocarpon shoot 
was harvested at eight WAP. The shoots of all vegetable plants on each plot were harvested by cutting stem at 
about 8 cm to the soil surface. Vegetables shoots were harvested at two weeks interval, the fresh weight deter-
mined and immediately transported to the Soil Science Laboratory of Obafemi Awolowo University, Ile-Ife, 
Nigeria. Fresh weight of harvested edible shoots was determined per plot. 

2.5. Determination of Nutrient Composition 
The vegetable leave samples were collected randomly from each harvested shoots. Vegetable samples were 
dried in a draft oven set at 70˚C in the Laboratory and 0.5 g of the vegetable tissues was digested using furnace 
for dry ashing according to the method [24]. The ash was extracted with 5 ml of 6N HCl and the extract was 
quantitatively transferred to 50 ml volumetric flask and made up to the mark. Appropriate dilutions were made 
and the elements analyzed against their standards. All the samples were analysed along with a bland solution. 
Calcium, K, Fe, Zn and Mn contents were determined using Atomic Absorption Spectrophotometer (PG-900 
Atomic Absorption Spectrophotometer Model, PG-instrument Ltd. United Kingdom)equipped with an air- 
acetylene flame and a hollow cathode lamp, and using lamps specific for each element. The device was operated 
under standard conditions using wavelengths and slit-widths specified for each element [25]. Plant tissue N con-
tent was determined using micro-Kjeldahl method according to [21]. Phosphorus content was determined using 
vanadomolybdate method [22]. 

2.6. Data Analysis 
Data collected were subjected to analysis of variance (ANOVA) to assess treatment effects and when it was sig-
nificant means were separated using Fisher’s Least Significant Difference at 5% level of probability (LSD) [26]. 

3. Results and Discussion 
3.1. Characteristics of the Soil Used for the Study 
Soil used in this study was a sandy loam which was slightly acidic (pH 5.27), medium organic carbon (0.93%), 
total N (0.15%) and available P (18.60 mg·kg−1) (Table 1). Exchangeable Ca, Mg, K and Na were 2.35, 1.44, 
0.36, and 0.06 cmol·kg−1 soil, respectively, it fell within the medium fertility range with Na:K ratio of 1:6 [27] 
[28]. 
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Table 1. Properties of the soil (air dried) used for the experiment at 0 - 15 cm depth. 

Texture Sandy loam 

Sand% 74 

Silt% 14 

Clay% 12 

pH 5.27 

Organic C% 0.93 

Total N% 0.15 

Avail. P mg·kg−1 18.6 

Exch. Ca cmol·kg−1 2.35 

Exch. Mg cmol·kg−1 1.44 

Exch. K cmol·kg−1 0.36 

Exch. Na cmol·kg−1 0.06 

3.2. Effects of Planting Methods and Seed Density on Biomass Yield of S. macrocarpon and 
S. scabrum 

The effects of planting methods and seed density on the shoot yields are shown in Figure 2(a) 1stplanting and (b) 
2nd planting of S. macrocarpon and Figure 3(c) 1st planting and (d) 2nd planting of S. scabrum. S. macrocarpon 
shoot. Planting by drilling and at 4 table spoonful (25 g seeds) per 9 m−2 produced the highest shoot for S. 
scabrum. S. macrocarpon and S. scabrum have not been previously investigated with respect to the methods of 
planting and density of their seeds required per land area. S scabrum shoot yield increased with successive har-
vesting while S. macrocarpon yield decreased with increasing number of harvest. There were no significant dif-
ferences when 4 table spoonful of S. macrocarpon seeds were planted either by drilling or by broadcasting. S. 
scabrum shoot yield obtained at 4 table spoonful when planting by drilling was about 26.09% higher than the 
yield when plant by broadcasting. The average cumulative shoot yield for the two vegetable types was approxi-
mately 2.0 kg·m−2 (20 ton·ha−1). 

3.3. Effects of Planting Methods and Seed Density on Nutrient Contents of S. macrocarpon 
and S. scabrum 

The effects of planting methods and seed density on nitrogen and phosphorus content of S. macrocarpon and S. 
scabrum leaves are illustrated in Figure 4(a) & Figure 4(b). Average values of 2.70% and 2.05% for S. macro-
carpon and S. scabrum, respectively were obtained. Planting in drilling gave phosphorus content of 0.42% while 
broadcasting gave 0.12% for S. scabrum whereas values of 0.29 for drilling and 0.30 for broadcasting were ob-
tained for S. macrocarpon. Seed density had no significant effect on N and P leave contents. Planting by drilling 
increases Ca, K, Fe and Zn of S. macrocarpon shoot and only Zn of S. Scabrum shoot significantly (Figure 5(a) 
to Figure 5(f)).This result is in agreement with previous finding that Solanum scabrum is a good source of zinc 
[29]. The average Ca (0.4%), Mg (1.6%), K (3.4%), Na (0.02%), Fe (300.8 mg·kg−1), Zn (103.5 mg·kg−1), Mn 
(300.7 mg·kg−1), and Cu (8.9 mg·kg−1) for S. macrocarpon and Ca (2.9%), Mg (3.0%), K (5.8%), Na (0.09%), 
Fe (280.5 mg·kg−1), Zn (53.0 mg·kg−1), Mn (359.4 mg·kg−1), and Cu (22.42 mg·kg−1) for S scabrum were ob-
tained for the current study (Table 2). Depending on crop species, previous studies have established that plant 
nutrient composition requirements for optimal plant growth are between 2% and 5% for N, 0.3 and 0.5% for P, 
0.1 and >5.0% for Ca and 2 and 5% for K [30]. Critical deficiency contents for Fe is 50 to 150 mg·kg−1, toxicity 
contents for Fe are above 500 mg·kg−1, deficiency contents for Manganese in plants are between 10 and 20 
mg·kg−1 and toxicity varies widely between 200 and 5300 mg·kg−1. Critical toxicity contents for Cu concentra-
tion in plant leaves are between 20 and 30 mg·kg−1 [30]. Results of our study showed that the levels of nutrients 
in S. scabrum and S. macrocarpon fell within sufficiency levels for optimal growth and are less than the toxicity 
levels. S. scabrum and S. macrocarpon therefore, could serve as cheaper sources of macro and micro nutrients 
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(a)                                             (b) 

      
(a)                                             (b) 

Figure 2. Effects of planting method and seed density on (a) first planting and (b) second planiting of S. mac-
rocarpon shoot yeild, and (c) first planting and (d) second planiting of S. scabrum shoot yeild. In this figure 
and subsequent one, B4 mean broadcast with 4 table spoonful of seed; B8 = broadcast with 8 table spoonful of 
seed; D4—drilling with 4 table spoonful of seed and D8 = drilling with 8 table spoonful of seed. 

 
especially, Fe, Zn, and Mn for women and children in Nigeria and beyond. Calcium and phosphorus are impor-
tant in bone, teeth and muscle metabolism [31]. Food is considered “good “if the Ca/P ratio is >1 but poor if 
<0.5. In our study, S. scabrum had higher Ca/P ratio compared with S. macrocarpon, and plant in drilling at 4 
table spoonful seeds gave the highest value and was the best treatment for the vegetables (Table 3). 

Furthermore, sodium and potassium are important intracellular and extracellular cations. The Na/K ratio is 
important in determining the health status of an individual. A ratio of less than one has been recommended to 
prevent high blood pressure [32]. In Table 3, our vegetables produced Na/K ratio less than one, which is in 
consonance with recommended ratio. Comparing S. marcroarpon and A. Scabrum with Amaranthus hybridus, a 
popular vegetable widely cultivated for commercial basis in peri-urban of Nigeria. Analyzsis of the chemical 
composition of three leafy vegetables in Imo State, Nigeria using undefatted and defatted methods [33], unde-
fatted Amaranthus hybridus contained 64.60 mg·g−1 Na, 11.05 mg·g−1 K, 13.68 mg·g−1 Mg, 28.80 mg·g−1 Ca, 
87.50 mg·g−1 Fe and 0.99 mg·g−1 P, which gave a Na/K of 5.85. While defatted A. hybridus gave 24.80 mg·g−1 
Na, 8.65 mg·g−1 K, 12.48 mg·g−1 Mg, 26.40 mg·g−1 Ca, 0.81 mg·g−1 Fe and 8.57 mg·g−1 P, which gave a Na/K 
of 2.87. The results of our study showed that S. macrocarpon and S. scabrum contained less sodium than A.  
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(a)                                             (b) 

       
(c)                                             (d) 

Figure 3. Effects of planting method and seed density on cummulative shoot yield (a) first planting and (b) second 
planting of S. Macrocarpon and (c) first planting and (d) second planting of S. Scabrum. 

 
hybridus which is widely consumed in Nigeria. 

4. Conclusion 
The study revealed that planting methods and seed density affect yield and quality of edible shoots of S macro-
carpon and S. scabrum. Average Fe (300.8 mg·kg−1), Zn (103.5 mg·kg−1), Mn (300.7 mg·kg−1), and Cu (8.9 
mg·kg−1) for S. macrocarpon and Fe (280.5 mg·kg−1), Zn (53.0 mg·kg−1), Mn (359.4mg·kg−1), and Cu (22.42 
mg·kg−1) for S scabrum were observed. S. macrocarpon and S. scabrum. The nutrient concentrations of the 
vegetables fell within the recommended levels for optimal plant growth and for human consumption. S. macro-
carpon and S. scabrum are cheap sources of Ca, K, Mg, Fe and Zn. Planting at the seed rate of 4 table spoonfuls 
9 m−2 planted by drilling. The study concluded that planting by drilling at 4 spoons, 23.2 g 9 m−2 (25.78 kg·ha−1) 
for S. macrocarpon and 18.6 g 9 m−2 (20.67 kg·ha−1) for S. scabrum was the optimum seed population. Planting 
by drilling would be more beneficial because fertilizer application, weeding, pests control, water application and 
harvesting would be carried out more efficiently compared with planting by broadcasting. 
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(a)                                             (b) 

Figure 4. Effects of planting method and seed density on (a) N and (b) P contents of S. macrocarpon and S. 
scabrum Plant Shoot. 
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(e)                                             (f) 

Figure 5. Effects of Planting method and seed density on Ca, K and Mg contents of (a) S. macrocarpon and 
(b) S. scabrum plant shoot, Fe, Zn, Mn & Cu content of (c & e) S. macrocarpon and (d & f) S. scabrum plant 
shoots. 

 
Table 2. Average nutrient compositions of Solanum macrocarpon and Solanum scabrum. 

 S. macrocarpon S. macrocarpon S. scabrum S. scabrum 

Nutrient % mg·kg−1 % mg·kg−1 

N 2.8  2.1  

P 0.3  0.3  

K 3.3  5.8  

Ca 0.3  2.9  

Mg 3.2  0.3  

Na 2.2  0.9  

Fe  297.9  280.5 

Zn  79.6  52.99 

Mn  331.5  359.4 

Cu  16.1  22.4 

 
Table 3. Effects of planting method and seed density on CA/P and NA/K ratios of S. scabrum and S. macro-
carpon plant SHOOT. 

Treatment Ca/P S. scabrum Ca/P S. macrocarpon Na/K in S. scabrum Na/K in S. macrocarpon 

PM SD     

B 4 9.57* 0.20 0.03* 0.01 

B 8 14.08* 0.97* 0.01 0.01 

D 4 17.17* 4.07* 0.01 0.01 

D 8 5.69* 0.67* 0.01 0.01 

MEAN  11.62 1.47 0.02 0.01 

SE  1.65 0.58 0.002 0.0003 

PM = planting method; SD = seed density; In this table asterisk along the same column means a significant different “p < 0.05”. 
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