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Abstract

Experiments were located at Lower Niger River Basin Development Authority, Ejiba and Horticul-
tural Section College of Agriculture, Kabba in 2014 cropping season to investigate the effect of dif-
ferent spacing and urea application rates on fruit nutrient composition, growth and fruit yield of
tomato in derived savanna vegetation of Nigeria. Field experiments were arranged in a rando-
mized complete block design in factorial fashion with three replications. The row spacing were 75 x
40 cm (33,333 plantha-1), 75 x 50 cm (26,666 plant-ha-1) and 75 x 60 cm (22,222 plant-ha-1) while
the urea rates comprised control (0 kg urea-ha-1), 54.3 and 108.6 kg urea-ha-1. Growth and yield
parameters taken were as follows: average plant height, stem girth, leaf area (m2) and yield per
land area. Data were collected from ten randomly selected plants in each plot. The data were sta-
tistically analyzed using GENSTAT. The analysis of variance (ANOVA) was performed to find out
the significance of variation among the treatments while the significant difference between mean
treatments was separated using least significance Difference at 5% level of probability. The result
obtained from this study indicated that urea application and spacing affected significantly growth
parameters of tomato and yield per land area. It could be concluded that there was a significant
increase in plant height, number of leaves, number of fruits per plant and final fruit weight of to-
mato as a result of urea fertilizer application at the rate of 108.6 kg urea/ha. However, this was
not significantly better than plots with urea application at 54.8 kg/ha in both Ejiba and Kabba.
Row spacing of 75 x 50 cm showed better performance in number of fruit and fruit yield per plots.
Farmers in Ejiba and Kabba should apply urea at the rate of 54.8 kg per hectare and plant the crop
at arow spacing of 75 x 50 cm for optimum yield and for a more profitable production of tomato.
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1. Introduction

Tomato (Lycopersicon lycopersicum) is one of the most important vegetables grown for their edible fruits.
Tomato is cultivated in Nigeria with an annual production of six million tonnes [1]. Tomato is an excellent
source of vitamins, minerals, and antioxidants which help control cancer, health disease as well as improve
the general health of man [2]. Nitrogen is the most critical element of plant growth. Vegetables growth is af-
fected differently by various N sources [3]. Seedling growth (fresh or dry weight) was always more in nitrate
than various reduced N sources [4]. Urea appeared to be the best source which gave the highest dry matter
yield when four nitrogen sources (NH**, NH,OH, NO*" and urea) were compared [5]. Plant allocates different
relative proportions of total N contents to leaves, stems and roots [6]. Large amount of N in the fertilizer re-
duces root infections [7].

Row spacing and plant population recommendations may vary for each location. Plant population is a produc-
tion factor which affects light interception by plant canopy [8]. Plant height declines with reduced plant popula-
tion. Stem sections of plants that receive more light usually tend to have slower elongation rates [9]. Fruits too
close to the soil surface increase harvest losses [10]. Increased plant populations decreased the number of side
branches [10]-[12], the fruit number per plant [13], the fruit yield per plant [11] [13], the fruit weight [11] and
the harvest index [14] while fruit yield per hectare [10] was increased. Harvest index of smaller plants was less
than for larger plants, but these smaller plants had little influence on total crop yield and harvest index [14]. The
objective of this paper is to discuss the effect of different spacing’s and urea application rates on fruit nutrient
composition, growth and fruit yield of tomato in derived savanna vegetation of Nigeria.

2. Materials and Methods

Experiments were located at Lower Niger River Basin, Ejiba and Horticultural Section, College of Agriculture,
Kabba in 2014 cropping season. Ejiba is located on latitude 8°18'N and longitude 50°39'E and Kabba is on lati-
tude 07°35'N and longitude 06°08'E in the Southern Guinea Savannah Agro Ecological Zone of Nigeria. The soil
at Ejiba is an ultisol, while that of Kabba is a gleysol [15] [16]. In the study areas, rainfall is monomodal and
span from April to September.

Field experiments were arranged in a randomized complete block design in factorial fashion with three repli-
cations. The row spacing were 75 x 40 cm (33,333 plant-ha *), 75 x 50 cm (26,666 plant-ha ') and 75 x 60 cm
(22,222 plant-ha™*) while the urea rates comprised control (0 kg urea-ha ), 54.3 and 108.6 kg urea-ha *. The net
plot size measured 5.0 x 4.0 m. Half N and full 50 kg-ha * P,Os (24.6 kg P) was applied as a basal dose and re-
maining half N was applied at flowering.

The seeds were obtained at National Horticultural Research Institute of Nigeria (NIHORT) Ibadan. The
seedling was raised in a nursery bed of 3 x 4 m? The seed were sown by drilling method. The nursery bed was
watered and also kept free of weeds. Palm fronts were used in preventing directs sun rays on the seedlings. Ka-
rate was used in controlling insects in the nursery at the rate of 200 ml per 20 litre of water. The seedlings were
nurtured till they attain the age of 3 weeks old and transplanted to the field using ball of earth method during
transplanting at varying spacing. Seedlings were transplanted by hand on 27 April, 2014. Before transplanting, a
composite soil sample was taken from 0 - 15 cm of the experimental field and analyzed for selected physical and
chemical properties [17]. The proximate analysis of the fruit was also assessed. Fruit samples were collected on
per plot basis, and dried in an oven at 65°C till constant weight was obtained. The dried fruit samples were sep-
arately ground with a Wiley mill, and passed through a 0.5 mm sieve for tissue analysis. Total N was analyzed
by the micro-Kjeldahl procedure as described by [18] and crude protein was obtained by multiplying the total N
by a factor of 6.25. Concentrations of nutrient were expressed on the basis of percentage dry fruit material.

Ten plants were randomly selected and harvested at maturity from the second and third rows. In this plants
using, plant height, number of branches per plant, fruit number per plant, yield were researched. Fruit yield was

calculated over all plants in the plot.
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3. Results and Discussion

The properties of the soils at the sites of the experiment are shown in Table 1. The soils are sand loam and sand
clay loam in Ejiba and Kabba respectively. Soil of Ejiba is more acidic (5.74) when compared with the soil of
Kabba (6.3). Both soils are high in bulk density. Organic matter, total N, available phosphorus (P) and exchan-
geable potassium (K) were low. Exchange Mg though low in soil of Ejiba, it was adequate in soil of Kabba. The
nutrients present in the soils are expected not to meet the growing need of tomato in the study area.

Urea rate and row spacing influenced plant height of tomato significantly. Plant height increased with de-
creased spacing in tomato (Table 2). Maximum plant height was recorded at row spacing of 30 cm while the
least height occurred in tomato spaced at 50 cm row in both locations. The result was similar to [19] [20] on
soybean and [21] on pepper. As urea rate increased, plant height also increased (Table 2). Similar results were
by [22] and [23]. The urea rate and row spacing interaction effects, maximal values were measured at spacing of
75 x 40 cm with urea application rate of 54.3 kg/ha in both location.

Stem girth was significantly affected by the treatments applied in both Kabba and Ejiba. Crop grown in Ejiba
were remarkably shorter than tomato grown in Kabba. This could be due to variation in soil nutrients composi-
tions of the locations. The thickest plants were recorded in plant spaced 75 x 50 cm, while the thinnest plant oc-
curred in plots spaced at 75 x 40 cm. The finding was in line with the results of [24]. Urea application influ-
enced stem girth increase relative to control. The thickest stem were observed in tomato treated with 108.6 kg
urea per ha in Kabba, but plots treated with 54.3 kg/ha urea produced the thickest plant in Ejiba. All these were
significantly better than the control. Among the urea rate and spacing interaction effects, tomato spaced at 40 cm
with no urea application produced the thinnest plant, while the most produced stem girth occurred in plots with
50 cm row spacing and 108.6 kg/ha urea fertilizer at both locations.

The results of mean branch number and number of leaves produced in tomato planted at different intra row
spacing were presented in (Table 2). Wider intra row spacing gave significant higher number of branches and
number of leaves in Kabba and Ejiba. The better performance of the wider spaced plant could be attributed to
better nutrients supplied and wider surface area exposed to by the crop which gave more opportunity of space to
the crops. The result of this study is in agreement with that of [25] who reported increased number branches and
leaves per plant. Number of branches and leaves increased with increased rate of urea. Plots amended with urea
fertilizer were significantly better than the control in terms of number of branches and leaves produced. Urea
rate at 108.6 kg/ha produced higher number of both branches and leaves in both locations. [26] [27] found that
tomato seedlings grown with high N levels had enhanced growth and survival after transplanting. [28] Reported
fertilizer containing nitrogen increases vegetative growth of tomato. Among the urea rate and intra spacing inte-
raction effects, tomato spaced at 30 cm with no urea application produced the least number of branches and
leaves, while the most produced branches and leaves occurred in plots with 50 cm intra spacing and 108.6 kg/ha
urea fertilizer at both locations.

Table 1. Physical and chemical properties of soil before the experiment.

Properties Ejiba Kabba

Sand (%) 68.6 60.3
Clay (%) 16.4 216
Silt (%) 19.0 18.1

Soil texture Sand loam Sand clay loam
pH 5.74 6.3
Bulk density(g/cm®) 1.46 1.31
Total porosity (%) 43.8 40.8
Organic matter (%) 1.83 21
Total N (%) 0.14 0.19
Available P (mg/kg) 3.16 3.11
Exchangeable K (cmol/kg) 0.34 0.21
Exchangeable Ca (cmol/kg) 1.68 2.67
Exchangeable Mg (cmol/kg) 1.43 3.57
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Spacing has no significant effect on nutrient composition of tomato fat (%), fiber content (%), protein (%) and
vit. C (mg/100g) (Table 3). Application of urea at different rates increased the content of protein, carbohydrate
over the control. Plots treated with urea at 108.6 kg/ha produced the highest value of fat (%), fiber content and
protein (%) in both location values of Vit. C was inconsistent. The results show that there were no significant

Table 2. Effect of different spacing’s and urea application rates on growth characters of tomato.

E— Plant height Stem girth Branches No of leaves

Kabba Ejiba Kabba Ejiba Kabba Ejiba Kabba Ejiba

Spacing
S1 1.64 1.38 0.23 0.16 6.66 6.13 16.8 19.2
S2 152 1.44 0.28 0.20 7.84 5.44 21.8 23.3
S3 1.48 1.58 0.29 0.23 8.44 7.22 27.4 30.4
LSD 0.20 0.09 0.02 0.04 1.24 1.34 6.44 8.42

Urea rate
UR1 1.49 1.36 0.18 0.22 4.20 5.86 14.4 16.3
UR2 152 1.48 0.22 0.26 6.14 7.11 19.3 20.4
UR3 1.58 1.49 0.24 0.24 6.16 6.61 20.2 21.4
LSD 0.46 0.04 0.03 0.03 1.24 0.96 4.48 3.61

Spacing x urea rate

SIUR1 1.32 1.28 0.14 0.17 4.34 5.11 14.6 15.1
S1UR2 1.32 1.30 0.22 0.23 6.64 6.74 154 154
S1IUR3 1.37 1.32 0.20 0.22 6.23 6.33 16.6 17.3
S2UR1 1.34 131 016 0.24 521 5.78 15.8 16.2
S2UR2 1.41 1.43 0.19 0.20 7.32 6.88 19.4 21.4
S2UR3 147 157 0.24 0.22 6.31 6.13 20.2 21.6
S3UR1 1.28 1.32 0.16 0.20 4.98 5.11 16.9 17.4
S3UR2 142 1.48 0.24 0.25 6.88 7.12 21.4 234
S3UR3 1.49 1.55 0.24 0.24 7.02 7.32 21.0 229
LSD 0.09 0.12 0.04 0.04 1.24 0.54 3.74 4.61

S = (Spacing), UR = (Urea fertilizer).

Table 3. Effect of different spacing and urea application rate on nutrients composition of tomato.

% Fat Fiber content (%) Protein (%) Vit. C Mg/100g
Treatment
Kabba Ejiba Kabba Ejiba Kabba Ejiba Kabba Ejiba
Spacing
S1 591 6.17 461 5.63 19.6 18.8 0.36 0.59
S2 5.95 5.46 481 4.70 21.2 19.6 0.40 0.40
S3 5.45 5.64 5.73 4.66 19.2 215 0.47 0.50
LSD ns ns ns ns ns ns ns ns
Urea rate
UR1 5.7 5.8 5.67 5.69 19.6 20.9 0.49 0.44
UR2 6.3 6.3 4.63 5.58 213 22.2 0.40 0.42
UR3 6.9 6.6 4.72 6.61 12.1 19.8 0.46 0.52
LSD ns ns ns ns Ns ns ns ns
Spacing x urea rate ns ns ns ns ns ns ns ns

S = (Spacing), UR = (Urea fertilizer).
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Table 4. Effect of different spacings and urea application rates on yield component of tomato.

Fruit length (cm) Fruit weight (g) Number of fruits Fruit yield/plot
Treatment Kabba Ejiba Kabba Ejiba Kabba Ejiba Kabba Ejiba
Spacing
S1 3.38 4.22 46.1 49.4 20.6 23.6 14.6 14.4
S2 4.89 4.83 714 78.7 304 31.0 223 225
S3 5.33 4.53 69.4 744 316 30.6 224 222
LSD 0.49 0.34 3.64 5.78 2.24 2.62 2.98 3.63
Urea rate
UR1 3.67 3.01 24.1 26.4 144 16.4 11.6 134
UR2 4.76 44 61.5 535 30.6 294 233 216
UR3 511 4.22 63.0 49.4 353 34.7 274 24.6
LSD 0.45 0.23 3.99 241 3.62 2.13 5.17 4.44
Spacing x urea rate
S1UR1 3.22 311 4341 324 28.6 214 13.9 14.6
S1UR2 3.44 3.21 53.61 41.6 335 35.6 18.7 16.8
S1UR3 3.56 334 58.62 46.4 36.0 34.2 20.0 214
S2UR1 3.36 314 60.13 54.6 36.3 353 21.8 204
S2UR2 4.74 431 59.14 484 342 333 222 213
S2UR3 5.12 3.99 57.66 46.7 32.3 334 19.6 20.4
S3UR1 421 341 61.34 54.8 333 29.4 20.3 21.4
S3UR2 5.37 444 58.67 54.3 31.6 314 20.5 22.4
S3UR3 5.21 4.66 56.14 56.9 30.1 336 20.1 20.6
LSD 0.56 0.68 2,53 5.11 2.29 2.84 2.23 381

S = (Spacing), UR= (Urea fertilizer).

interactions between row spacing’s and urea application rates in these experiments at both locations. The critical
role nitrogen plays in the nutrition of crop especially and quality of its fruit was obvious in this experiment. In
the synthesis of protein and carbohydrate, need optimum nitrogen [29].

The yield parameters of tomato planted at different row spacing are shown in Table 4. Plots with increased
row spacing (50 and 60 cm) were better than plots with closed row spacing (40 cm) in terms of fruit length, fruit
weight, number of fruit and fruit yield. The result of these studies conformed to the result of [30] who reported
that wider intra row spacing minimized competition for nutrients, water and radiation which in turn favoured
fruit sizes. According to [31] fruit size determines the consumer preference in tomato crop. [32] obtained higher
tomato fruit weight with wider intra row spacing. Fruit length, fruit weight, number of fruits and fruit yield in-
creased with increased rate of urea. The highest increase was observed in plots treated with 108.6 kg urea, while
the control plots recorded the least value of fruit length, fruit weight, and number of fruits per plant and fruit
yield per hectare. The results consisted to the finding of [33]. As to the effects of urea application rate and intra
row spacing interactions, highest fruit yield was observed in crop spaced at 40 cm x urea rate of 54.3 kg/ha in
Kabba and highest fruit yield was in plots treated with spacing of 50 cm x urea rate of 54.3 kg/ha.

4. Conclusion

From the aforementioned discussion, it could be concluded that there was a significant increase in plant height,
number of leaves, number of fruits per plant and final fruit weight of tomato as a result of urea fertilizer applica-
tion at the rate of 108.6 kg urea/ha. However, this was not significantly better than plots with urea application at
54.8 kg/ha in both Ejiba and Kabba. Row spacing of 75 x 50 cm showed better performance in number of fruit
and fruit yield per plots. Farmers in Ejiba and Kabba should apply urea at the rate of 54.8 kg per hectare and
plant the crop at a row spacing of 75 x 50 cm for optimum yield and for a more profitable production of tomato.
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