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Abstract  
A field experiment was conducted at the Oke – Ogun Polytechnic, Saki, 

Teaching and Research farm to determine the response of okra seedlings to 

two methods fertilizer application at four rates of urea fertilizer in a split – 

plot design (SPD) and all the rates of urea were completely randomized and 

replicated three times. .Results of analysis of variance indicated that both 

application methods and rates of urea fertilizer had significant (p ≤ 0.05) 

effects on the growth parameters of okra seedlings, while the ring and side 

dressing methods at different rates of urea had significant effects on five and 

four growth parameters (number of leaves, leaf area, stem girth, plant height 

and number of roots) respectively. It was, therefore, concluded that ring 

method at T1 (20 gm) of urea fertilizer could be recommended, as it gave a 

comparative improved significant (p ≤ 0.05) effects on the growth parameters 

(number of leaves, leaf area, stem girth, plant height and number of roots) of 

okra seedlings in a sandy clay soil. 
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Introduction 
Okra (Abelmoschus esculentus L. 

(Moench) is an economically 

important vegetable crop grown in 

tropical and sub-tropical parts of the 

world. Okra is an annual crop and a 

native to Africa. It is a local vegetable 

crop in Nigeria where it has been 

under cultivation since the 13th 

century (Babatola 2006). The fresh 

immature okra pods or capsules are 

most valued in soup because of their 

mucilaginous properties. The fruits 

are used as boiled vegetable after 

being slices while the dried powdered 

form is used for flavoring or as a soup 

thickener (Schippers 2000). The 

nutritional composition of okra 

includes calcium, protein, fat, 

carbohydrates, iron, magnesium, 

phosphorus and rich in vitamins A, B 

and C (Omotoso and Shittu, 2007). 

The species is a perennial, often 

cultivated as an annual in temperate 

climates, and often grows to around 2 

meters tall. As a member of the 

Malvaceae, it is related to such species 

as cotton, cocoa, and hibiscus. The 

leaves are 10–20 centimeters long and 

broad, palmate lobed with 5–7 lobes. 

The flowers are 4–8 centimeters in 

diameter, with five white to yellow 

petals, often with a red or purple spot 

at the base of each petal. The fruit is a 

capsule up to 18 centimeters long with 

pentagonal cross-section, containing 

numerous seeds. 

In the Sudan savanna of Nigeria, okra 

is mostly cultivated on the dry season 

under irrigation as it requires an 

annual rainfall of 750mm (Mahler et 

al., 1994), which is difficult to meet 

especially in the drier parts without 

supplementary irrigation. Okra 

production is an important enterprise 

in the Hadejia valley irrigation project 

Area (12, 000 hectares) in the northern 

part of Nigeria (Tisdale et al., 1985). 

Despite this, however information on 

the fertilizer requirement of the crop in 

the area is lacking.  

Fertilizer is a very essential input in 

crop production. The application of 

fertilizer is necessary for enhancing 

the soil nutrient status and increasing 

crop yield (Olufolaji et al., 2010).  Use 

of inorganic fertilizers can improve 

crop yields and total nutrient content 

and nutrient availability but its use is 

limited due to scarcity, high cost, 

nutrient imbalance and soil acidity 
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(Olufolaji et al., 2010). There are different methods of applying fertilizer to 

crops and each methods could have effects on the growth and yield of crops as 

reported by Sweeney et al. (1996) on subsurface banding, Mahler et al. (1994) 

on banding in wheat production, Toews and Soper, 1998 and Tisdale et al., 1985 

on N fertilizer placement by broadcasting method on crop production. The 

following authors highlighted the benefits of foliar fertilization in improving 

plant growth, crop yield, nutrient uptake and product quality (Naruka and Singh, 

1998; Tumbare et al., 1999; Naruka et al., 2000; Alkaff and Hassan, 2003; 

Chattopadhyay et al., 2003; El-Aal et al., 2010; Zodape et al., 2011).  

The objective of this research was to determine the growth response of okra 

seedlings to ring and side dressing fertilizer application methods at different 

rates of urea fertilizer. 

 

Materials and method 

Experimental site, materials and equipment 

The study was carried out at the Teaching and Research farm of the Soil Science 

and Agricultural Technology Department of The Oke-Ogun Polytechnic, Saki, 

located within Latitude 8.30N and Longitude 2.40E in the derived savannah 

zone, Oyo State, South Western Nigeria, between 6th and 25th of October, 2019. 

The pattern of rainfall is bimodal with average annual rainfall estimated to be 

about 1250 mm (The Oke-Ogun Polytechnic Watch Dog weather station, 2019). 

The materials used for this experiment are tractor, meter tape, buckets, urea 

fertilizer, water, ruler, vernier caliper, watering can, hoe, measuring scale and 

okra seed (BASANTI 447 var.).  

 

Soil preparation and analysis 

The soil sample was taken at 15 cm dept from the field and air dried for 48 

hours, sieved with 2mm sieve. The particle size distribution was carried out 

using the hydrometer method described by Bouyoucos (1962) as presented by 

(Gee and Or, 2002) using 0.2 M sodium hydroxide as dispersing agent. The soil 

pH was determined using a glass electrode pH meter, that is; soil – water 

suspension (1:1); organic carbon was determined by the chromic acid digestion 

method (Walkley and Black, 1935). The total nitrogen concentration was 

determined by macro-Kjeldahl method (Bremner, 1996), and the available P 
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was extracted by Bray -1 method (Kuo, 1996) and determined using 

spectrometer. Exchangeable K, Ca, Na, and Mg were extracted with neutral (pH 

7) solution of 1N NH4OAc, K and Na were determined using the flame 

photometer and Mg and Ca by the atomic absorption spectrophotometer.  

 

Experimental treatment 

The field experimental plot was ploughed and harrowed; the site of the 

experiment was mapped out at 10m by 30m with 10m between the plots as 

buffer zone. In this experiment, split plot design (SPD) was used where the 

application methods was the main plot and the rates of urea as the subplot with 

four (4) urea rates for each method of main plot (Ring and side application) and 

each rate of urea replicated three (3) times. Each replicate contains 12 plots, 

which gave rise to 36 plots on each method of urea fertilizer application (Ring 

and side). The four (4) urea rates were as follows: T0 – 0 gm, T1 – 20 gm, T2 – 

40 gm, T3 – 60 gm, the rates of urea fertilizer urea were applied in 2 split doses, 

first dose 2 weeks after planting and the second dose 5 weeks after planting at 

8 cm to the seedlings and 5 cm dept and covered with soil. 

 

Data collection 

The data were collected on each plots and observation were recorded on growth 

components. Growth parameters of Okra seedlings were measured from the 

plots; number of leaves, plant height (cm), leave area (cm2), stem girth (cm), 

root length (cm),, root girth (cm),, number of root at the end of the experiment 

(8weeks). The tallest plant was taken from each plot and parameters measured, 

meter rule was used to measure the plant height and root length, the plant height 

was measured from the soil level to tip of the plant, number of leaves and roots 

was simply counted. Determination of leaf area Index (LA1) as described by 

(Watson et al., 2006), while the stem and root girths were measured by the use 

of vernier caliper. 

 

Statistical analysis  

Data collected from the field were subjected to Analysis Of Variance (ANOVA) 

of Minitab 16 software package and Least Significant Difference (LSD) to 

separate the means.  
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Results and discussion 

The particle size distribution of the soil used for this experiment (Table 1) 

revealed a sandy clay soil, the pH (6.7) was near neutral and the general 

chemical health of the soil could be regarded as soil good for crop production. 

Response of okra seedlings to ring and side dressing application methods at 

different rates of urea fertilizer on the average leaves of okra seedlings at 8 

weeks (Table 2) indicated that the ring application method had the highest 

number of leaves (10) at T1 (20 gm) of urea fertilizer, while T1 (20 gm) and T2 

(40 gm) rates had the same highest number of leaves (12) for the side dressing 

application method. This was consistent with findings of Kolawole et al. (2008) 

who opined that increased in the rate of N fertilizer, increased in growth 

parameters of okra especially the leaves and height of the plant. The analysis of 

variance (Table 8) showed that the ring and side dressing application and rates 

of application had significant (p ≤ 0.05) effect on the number of leaves of okra 

seedlings, but the effect was more pronounced in the side dressing than the ring 

method. The LSD observed that T1 (20 gm) of urea rate application only was 

statistically (p = 0.05) different from other rates of application of urea fertilizer 

in the ring application method, however, in the side dressing, T1 (20 gm) and 

T2 (40 gm) rates; the number of leaves (12) were statistically (p = 0.05) different 

from the number of leaves of control (9) and T3-60gm (10). 

The average leaf area of okra seeding (Table 3) was highest (155.3 cm, 129.9 

cm) at T1 (20 gm) of urea fertilizer application rates for ring and side dressing 

application methods respectively. The increased of leaf area of okra of due to N 

application was in agreement with the finding of Katung et al. (1996), Hooda et 

al. (1980). The least leaf area for both application methods was achieved at the 

control plot. The analysis of variance (Table 8) indicated significant (p ≤ 0.05) 

effects of both application methods and rates of urea application on the leaf area 

of okra seedlings. The LSD observed that T1 - 20gm, T2 - 40gm and T3 - 60gm 

of urea had the same effect on the leaf area of okra seedlings, but statistically (p 

= 0.05) different from the control in the ring application method, however, the 

trend was not the same in the side dressing method; while 40 and 60 gm 

application rates resulted to statistically (p = 0.05) the same leaf area, but 

statistically (p = 0.05) different leaf area from T1 - 20 gm and control that are 

also statistically (p = 0.05) have different leaf area (Table 3). 
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The stem girth of the okra seedlings as observed (Table 4) revealed that T2- 40 

gm rate of the ring application method had the highest stem girth (3.8 cm), while 

T3- 60 gm rates of side dressing application had the highest stem girth (3.3 cm). 

The least stem girth (2.6 cm) was at the  

 

Table 1: Properties of the soil (0-15 cm depth) used for the greenhouse 

experiment 

Properties       Values 

1. Particle size distribution 

 (a) Sand (%)     67 

 (b) Silt (%)     7 

 (c) Clay (%)     26 

 Texture      Sandy clay 

2.  Chemical 

 (a) Soil pH  

Soil pH (1:1 water)               6.7 

 (b) Soil organic matter (%)   1.3 

 (C) Organic carbon (%)    0.8  

 (d) Nitrogen (%)     0.3 

 (e) Phosphorous (ppm)    0.4 

 (f ) Exchangeable cations (Cmol(+)/kg) 

(i) Na+     0.3 

(ii) K+     0.4 

(iii) Ca2+     0.9 

(iv) Mg2+     0.7 

(g) Exchangeable acidity (Cmol(+)/kg) 

 (i) H+      0.1 

 (ii) Al3+      0.2 

(h) CEC       2.4 

 

Table 2:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average number of leaves at 8 weeks.  
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Ring application     side dressing application 

TO T1 T2 T3   T0 T1 T2 T3 

R1 8 10 8 8   9 11 11 10 

R2 8 10 8 9   9 12 12 10 

R3 8 10 8 8   9 13 12 10 

Total 24 30 24 25   27 36 35 30 

Av 8b 10a 8b 8b   9c 12a 12a 10b 

Means that do not share a letter are significantly different at (p= 0.05)  

 

Table 3:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average leaf area at 8 weeks.  

Ring application     side dressing application 

TO T1 T2 T3  T0 T1 T2 T3 

R1 72 154.7 148.0 156.1  70.0 131.2 107.5 100.7  

R2 72 155.5 150.9 156.3  72.0 128.4 108.5 109.8  

R3 72 155.8 144.8 157.0  71.0 130.0 106.2 104.1 

Total 216.0 466 443.7 469.4  213.0 389.6 322.2 314.6 

Av 72.0b 155.3a 147.9a 156.5a  71.0c 129.9a 107.4b 104.9b 

Means that do not share a letter are significantly different at (p= 0.05)  

 

Table 4:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average stem girth at 8 weeks.  

Ring application     side dressing application 

TO T1 T2 T3   T0 T1 T2 T3 

R1 2.6 3.5 3.6 3.7   2.6 3.0 3.1 3.2 

R2 2.6 4.0 3.9 3.9   2.6 2.9 3.0 3.3 

R3 2.6 3.5 3.8 3.9   2.6 3.0 3.1 3.3 

Total 7.8 11 11.3 11.5   7.8 8.9 9.2 9.8 

Av 2.6b 3.7a 3.8a 3.8a   2.6c 3.0b 3.1b 3.3a 

Means that do not share a letter are significantly different at (p= 0.05) 

  

Control plot for both ring and side dressing application methods, this was also 

supported by Mani and Ramanathan (1980), Majanbu et al. (1985) and Singh 
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(1995). The analysis  of variance (Table 8) indicated that there was significant 

(p ≤ 0.05) effects of both application methods and urea rates on the stem girth 

of okra seedlings, however, LSD showed that T1- 20, T2- 40, and T3- 60 gm 

rates of urea fertilizer had statistically (p = 0.05) the same stem girth and only 

statistically (p = 0.05) different stem girth from the control plot in the ring 

application method, this was (p = 0.05)  different in the side dressing application 

method, where T1- 20 gm and T2- 40 gm urea had statistically (p = 0.05) the 

same stem girth, but the control and 60 gm of urea fertilizer were statistically 

(p = 0.05) different and statistically (p = 0.05) different stem girth from the T1- 

20 and T2- 40 gm urea fertilizer (Table 4).  

The plant height (Table 5) of the ring application method and the rates of urea 

fertilizer application was more pronounced than the results from the side 

dressing application method, though the highest plant height (32.7 cm) was 

achieved at the side dressing of 60 gm application rate; the least plant height 

(24.6 cm) was at the ring method of the control plot. The analysis of variance 

showed that both the application methods and urea application rates had 

significant (p ≤ 0.05) effect on the okra seedlings plant height. The LSD thus 

indicated that all the rates of urea fertilizer had statistically (p = 0.05) different 

plant height in the ring application method, but in the side dressing application 

method; control and 20 gm had the same (p = 0.05) effect on the okra plant 

height, also 40 gm and 60 gm had the same (p = 0.05) effect on the okra plant 

height and these are statistically (p = 0.05) different from the control and 20 gm 

urea. This was as a result of the higher nitrogen content which induced higher 

plant height and more leaves. This agreed with the findings of Kolawole et al. 

(2008) who reported that increasing the rate of a NPK fertilizer, led to an 

increased  in growth parameters of okra.  

The highest number of roots (35 and 30) was achieved at 60 gm of urea of ring 

application and side dressing application methods respectively (Table 6). The 

analysis of variance observed significant (p ≤ 0.05) effect of ring and urea 

application rates on the number of roots of okra seedlings, the increased of 

number of roots of okra seedlings due to N application corroborates the studies 

of Sharma and Yadev 1976, Firoz 2009 and no significant (p ≤ 0.05) effects 

were recorded in the side dressing plots. The LSD showed that 20 gm and 40 

gm urea had statistically (p = 0.05) the same number of roots, but statistically 
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(p – 0.05) different number of roots from control and 60 gm urea in the ring 

application method. 

The highest root length (43.1 cm) in the ring method was achieved at the T3 (60 

gm) urea, while in the side dressing method, T2 (40 gm) of urea had the highest 

root length (36.2 cm). The control plots of both method of application had the 

least root length (Table 7). The combined effect of NPK fertilizers for the 

increased of yield of okra in the present investigation was found to be consistent 

with Ahmed and Tullock-Reid (1986) and Philip et al. (2010). The analysis of 

variance indicated that the ring application methods had significant (p ≤ 0.05) 

effect on the average root length  at 8 week of okra seedlings, but no significant 

effect of side dressing was observed on the root length. The LSD of the ring 

indicated that control, 20 gm and 40 gm urea statistically (p = 0.05) the same 

root length and statistically different root length from T3 (60 gm) urea. 

 

Table 5:  Effect of ring and side dressing application methods at different rates 

urea fertilizer on average plant height at 8 weeks.  

Ring application    side dressing application 

TO T1 T2 T3  T0 T1 T2 T3 

R1 24.6 25.9 29.5 32.3  28.4 30.3 32.3 33.0 

R2 24.7 26.2 29.3 32.3  28.4 31.4 32.3 32.0 

R3 24.6 26.0 29.2 32.3  28.0 30.0 32.1 33.2   

Total 73.9 78.1 88.0 96.9  83.8 91.7 96.7 98.2  

Av 24.6d 26.0c 29.3b 32.3a  28.3b 30.6b 32.2a 32.7a  

Means that do not share a letter are significantly different at (p= 0.05)  

 

Table 6:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average number of roots at 8 weeks.  

Ring application     side dressing application 

TO T1 T2 T3   T0 T1 T2 T3 

R1 24 28 29 33   29 27 27 32 

R2 25 29 32 37   25 30 29 30 

R3 23 26 28 35   27 26 29 28 

Total 72 83 89 105   81 83 85 90 

Av 24c 28b 30b 35a   27a 28a 28a 30a 
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Means that do not share a letter are significantly different at (p= 0.05)  

 

Table 7:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average root length at 8 weeks.  

Ring application    side dressing application 

TO T1 T2 T3  T0 T1 T2 T3 

R1 33.1 34.0 37.0 42  33.1 37.3 36.0 36.5 

R2 33.1 35.0 34.4 45.2  33.1 35 37.0 36.0 

R3 33.1 33.0 38.0 42  33.1 34.0 35.5 34.0 

Total 99.3 102.0 109.0 129.2  99.3 103.3 108.5 106.5 

Av 33.1b 34b 36.3b 43.1a  33.1a 35.4a 36.2a 35.5a 

Means that do not share a letter are significantly different at (p= 0.05)  

 

The root girth at 8 weeks of okra seedlings growth (Table 8) observed that T3 

(60 gm) rof urea fertilizer had the highest root girth (2.4 cm and 2.3 cm ) in the 

ring and side dressing application methods respectively. The control rate had 

the least root girth (1.9 cm and 1.8 cm) for both ring and side dressing 

application methods respectively. The analysis of variance showed that there 

was no significant (p ≤ 0.05) effect of both application methods and rates of 

urea on the average root girth of okra seedlings at 8 weeks of growth. 

 

Table 8:  Effect of ring and side dressing application methods at different rates 

of urea fertilizer on average root girth at 8 weeks.  

Ring application    side dressing application 

TO T1 T2 T3  T0 T1 T2 T3 

R1 2.0 2.4 2.0 2.3  1.8 2.0 2.1 2.4 

R2 1.8 2.2 2.1 2.4  1.9 1.9 2.0 2.2 

R3 1.9 1.8 2.5 2.5  1.6 2.1 2.1 2.3 

Total 5.7 6.4 6.6 7.2  5.3 6.0 6.2 6.3 

Av 1.9a 2.1a 2.2a 2.4a  1.8a 2.0a 2.1a 2.3a 

Means that do not share a letter are significantly different at (p= 0.05)  
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Table 9:  Summary of analysis of effects ring and side dressing application 

methods at different rates of urea fertilizer on average growth parameters of 

okra at 8 weeks.  

    Ring application  side dressing application 

   Ms interaction p-v ms interaction p-v 

Number of leaves  1.79**  * 0.01 5.46**  * 0.01 

Leaf area   3327.60** * 0.01 1136.00** * 0.01 

Stem girth  0.77**  * 0.01 0.15**  * 0.01 

Plant height  23.24**  * 0.01 7.034**  * 0.01 

Number of roots  51.13*  ** 0.02 4.0ns  ns 0.38 

Root length  45.57*  * 0.02 4.94ns  ns 0.11 

Root girth  0.25ns  ns 0.57 0.08ns  ns 0.0 

**Significant at p ≤ 0.01 

*Significant at p ≤ 0.05 

ns = not Significant at p ≤ 0.05 

ms = mean square 

p-v = probability value 

 

Summary and conclusion 

The growth response of okra seedlings was evaluated for two application 

methods of fertilizer at four rates of urea fertilizer in a split plot design, where 

the application methods was the main plot and the rates of urea fertilizer as the 

sub - plot, the rates of urea were completely randomized and replicated three 

times, the location of the experiment was Teaching and Research farm of The 

Oke - Ogun Polytechnic, Saki, Oyo state, Nigeria, the textural classification of 

the experimental soil was sandy clay. The parameters measured were number 

of leaves, leaf area, stem girth, plant height, number of roots, root length and 

root girth. Results indicated that the side dressing application method at both 20 

and 40 gm of urea gave the highest number of leaves (12) and plant height (32.7 

cm), but at 60 gm of urea, the highest leaf area (156.5 cm2), number of roots 

(35), root length (43.1 cm) and root girth (2.4 cm) was achieved in the ring 

application method. The stem girth of okra seedlings was at the highest (3.8 cm) 

with the application of either 40 gm or 60 gm of urea in the ring application 

method. The analysis of variance observed ring method and rates of urea had 
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significant (p ≤ 0.05) effects on number of leaves, leaf area, stem girth, plant 

height and number of roots, also the side application method and rates urea had 

significant (p ≤ 0.05) effects on number of leaves, leaf area, stem girth and plant 

height. 

It was therefore, concluded that the ring application method at 20 gm of urea 

rates could enhance comparable growth parameters of okra seedling when 

compared with other rates of urea fertilizer in a sandy clay soil. 
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