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Abstract 

Okra is a major source of income for farmers in Nigeria. It is a cheap and highly nutritious 

vegetable, popular among most tribes and cultures. The response of okra (Abelmoschus 

esculentus) yield/growth to NPK and soybean meal fertilizer (SBM) was examined in 2018 and 

2019 early cropping seasons. The experiment was laid out as a randomized complete block 

design replicated 4 times, with 5 treatments of fertilizer rates including 0, 3, 6, 9 tons/ha of 

soybean meal (SBM) and 400 kg/ha of NPK 20:10:10 fertilizer. Data collected included plant 

height, number of days to 50% flowering, and fresh fruit yield (tons/ha).  In 2018 and 2019, an 

increase in plant height increased yield; plant height accounted for 87.6% and 94.9% of the 

explained variation in yield.  Fruit yield declined to as low as 1 ton/ha at the lengthiest days to 

50% flowering. Days to flowering accounted for 80.9% (in 2018) and 89.6% (in 2019) of the 

explained variation in okra fruit yield.  In 2018 and 2019, yield increased with increased SBM 

rates; SBM rates of 9 tons/ha produced the highest of yield 3.52 tons/ha. SBM rates accounted 

for 82.6% (in 2018) and 94.6% (in 2019) of the variation in fruit yield. This result suggests that 

SBM application can significantly increase the growth and yield of okra. In the event where NPK 

fertilizers are inaccessible, okra farmers can be encouraged to substitute for it by applying SBM 

at 9 tons/ha.   
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1. Introduction 

Okra is a fruit vegetable that grows in the tropical and subtropical regions of the world 

(Schippers, 2000). In Nigeria, Okra is found in nearly every food market because of its ability to 

grow and thrive across the varied ecological zones of the country (Saidu et al. 2017). Okra is a 

major source of income for farmers in Nigeria. It is cultivated mainly for its immature fruits 

which are eaten fresh, fried or cooked, depending on the culture or the community. The tender 

immature fruits are used to make stew or soup. Okra is vital for food nutrition because it is a 

cheap source of protein, vitamins (A and B) and minerals such as calcium, phosphorus, iron and 

iodine (Gopalan et al. 2007). Okra produces the best yields when grown on soils rich in organic 

matter or fertilized with manure (Udoh et al. 2005). However, okra production in Nigeria is 
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challenged by low input supply systems, low soil fertility and the use of low yielding cultivars 

(Ibrahim et al. 2012). To combat the challenge of low soil fertility, farmers in South-Eastern 

Nigeria are encouraged to apply mineral fertilizers and lime.  However, prolonged applications 

of mineral fertilizers can significantly increase the acidic condition of the soil, amounting to 

nutrient imbalance (Saidu et al. 2017). To prevent soil acidity resulting from mineral fertilizers, 

farmers are now encouraged to substitute mineral fertilizers with organic fertilizers. Manure 

ensures crop sustainability and productivity by immobilizing soil nutrients that are otherwise 

susceptible to leaching (Dilruba et al. 2009; Lockhart &Wiseman,1988). Plant by-products 

mainly used as organic fertilizers include; soybean meal (SBM), cotton seed meal and alfafa 

meal, but SBM has a promising potential in Nigeria because it is affordable, accessible and 

environmentally friendly. Gilory and Jones (2000) stated that SBM improves plant growth by 

increasing the number of root hairs. Furthermore, SBM has multiple benefits. For example, it has 

a high content of nitrogen and phosphorus; its unique NPK composition of 6.5:1.5:2.4 makes it 

higher than alfafa and cotton seed meal; it also provides a slow release of nitrogen alongside 

other macro and micronutrients (Penhallegon, 2003). A study by Chang et al (2008) however 

suggests that SBM may have a variable effect. They compared the effect of applying SBM, dairy 

cattle dung compost, chicken dung compost and pea residue on oxisol soils for 4 years. Their 

results showed SBM to lower soil pH, soil electrical conductivity, and microbial carbon/nitrogen. 

It had no significant effect on soil organic carbon and total nitrogen. There is no known study on 

the use of SBM as organic fertilizer for okra in Akwa Ibom State, Nigeria. The objective of this 

study was to investigate the effect of soybean meal rates and NPK 20:10:10 fertilizer on the 

growth and yield of okra. 

 

2. Materials and Methods 

The experiment was conducted at the Teaching and Research Farm of the Akwa Ibom State 

University Obio Akpa Campus, during the early planting seasons of April 2018 and 2019. Obio 

Akpa is located on latitude 40 31’ and 50 31’N and longitude 80 301 and 80 001 E. It records an 

annual rainfall of about 2500 mm, usually with a short break in August (August break). The 

temperature ranges between 22.5-30.70C. The relative humidity is about 79% (SLUS-AK, 1989). 

The experiment was laid out as a randomized complete block design (RCBD) with 4 replications 

and 5 treatments. The treatments were 5 fertilizer rates including: 4 organic fertilizers (soybean 

meal (SBM)) rates of 0, 3, 6 and 9 tons/ha, and 1 NPK 20:10:10 recommended fertilizer rate of 

400kg/ha. The total experimental plot measured 278.40 m2 (17.40 x 16.0 m). Each experimental 

unit measured 3.60 x 2.40 m. The replicates and the experimental units were separated from each 

other 1 m apart. The okra variety chosen was the Clemson Spineless as this is a commonly 

cultivated variety in the region. The okra seeds were purchased from a local seed trader in the 

community. 

Composite soil sampling was carried out at 0-15cm depth prior to treatment applications. The 

SBM was incorporated into the soil two weeks before sowing (with the aid of a spade), while the 

NPK was applied 2 weeks after germination. Please note: results on the compared effects of 

soybean meal rates and NPK fertilizer are reported in Ekwere and Efretuei (2020). Okra seeds 

were sown at a depth of 2 cm and spaced at 90 x 60 cm (two seeds per hole). It was later thinned 

to one seedling per stand, giving a plant population of 18,518 plants ha-1. Weeding was done 

manually at 4 and 9 weeks after sowing (WAS). Five stands of okra were randomly selected and 
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tagged from each experimental unit for data collection. Data collected included plant height, 

number of days to 50% flowering, and fresh fruit yield (tons/ha). With the SPSS statistical 

software (version 20) a linear regression analysis was used to determine a relationship between 

okra fruit yield and soybean meal application rates; okra fruit yield and plant height at 12 WAS 

and okra fruit yield and number of days to 50% flowering. 

 

3. Results and Discussion 

3.1 Soil Physical and Chemical Properties 

The soil in the experimental site was acidic (pH 5.32) which is common with soils in the 

rainforest region of Nigeria. The organic matter content of the soil (1.42%), the nitrogen (0.12%) 

and the potassium (0.136) levels were low compared to the required levels for soils in this 

ecological zone (Olatunji, 2015). These results indicate the need to increase the soil nutrient level 

with SBM and NPK 20:10:10. Tisdale and Nelson (1975) stated that crops respond more to 

fertilizer application in soils with very low nutrient contents than in soils with very high nutrient 

reserves. 

 

Table 1: Soil physical and chemical properties at 0-15 cm soil depth in 2018 and 2019 

 

Soil properties 2018 2019 

 

Sand (%) 

Silt (%) 

Clay (%) 

pH (H2O) 

Organic carbon (%) 

Organic matter (%) 

Nitrogen (%) 

Phosphorus (mgkg-1) 

Calcium (cmolkg-1) 

Magnesium (cmolkg-1) 

Potassium (cmolkg-1) 

Sodium (cmolkg-1) 

Aluminum ion (cmolkg-1) 

Hydrogen ion (cmolkg-1) 

Base saturation (%) 

 

82.14 

4.11                  

13.75 

5.32 

0.86 

1.42 

0.12 

52.24 

4.53 

2.20 

0.136 

0.006 

0.32 

0.48 

84.73 

 

79 

7.7 

13.3 

4.67 

1.12 

1.94 

0.08 

53.5 

3.13 

1.28 

- 

0.08 

0.23 

0.26 

72 

 

mgkg-1 = milligram per kilogram, cmolkg-1 = centimole per  kilogram. 

 

 

 



 Ekwere & Efretuei  AJAFS 5 (2021) 55-64 

58 
 

3.2 Relationship Between Soybean Meal Rates and Okra Fruit Yield 

A linear regression was run to understand the effect of varying SBM rates on okra fruit yields. 

To determine linearity a scatterplot of okra fruit yield against SBM rates with superimposed 

regression line was plotted for the 2018 and 2019 experiments (Figures 1 and 2).  In 2018, there 

was a linear relationship between okra fruit yield and SBM rates. The prediction equation was: 

okra yield = 1.41 + (0.242 * SBM rate). SBM rates statistically significantly predicted okra yield 

F (1,14) = 66.48 ,P < 0.0005 accounting for 82.6% of the variation in fruit yield with adjusted R2 

= 81.4%. Predictions were made to determine the average okra yield for SBM rates at 12 t/ha and 

15 t/ha. For 12 t/ha average yield was predicted as 4.314 (95% CI 3.79-4.84) t/ha; for 15 t/ha 

average yield was predicted as 5.040 (95% CI 4.34-5.74) t/ha. 

In 2019, there was also a linear relationship between okra fruit yield and SBM rates. The 

prediction equation was: okra yield = 1.52 + (0.23 * SBM rate). SBM rates statistically 

significantly predicted okra yield F (1, 14) = 126.12, P < 0.0005 accounting for 94.9% of the 

variation in fruit yield with adjusted R2=90%. Predictions were made to determine the average 

okra yield for SBM rates at 12 t/ha and 15 t/ha. For 12 t/ha average yield was predicted as 4.28 

(95% CI 3.92-4.64) t/ha; for 15 t/ha average yield was predicted as 4.97 (95% CI 4.48-5.45) t/ha. 

The increase in fruit yield with increasing SBM rate confirms a positive response of fruit yield to 

higher rates of SBM. The results of the 2-year study suggest that SBM applied between 9-12 

tons/ha at a precise timing to match plant nutrient uptake can increase yield to as high as 4 

tons/ha. The linear response of fruit yield to SBM rates is likely due to the increased vegetative 

growth during the growing season observed at higher rates of SBM.  Choi et al., (2008) reported 

SBM along with cottonseed, rapeseed and sunflower seed oil to have high nitrogen content.  An 

increase in nitrogen supply to okra has been observed to increase vegetative and fruit yield 

(Verma et al., 2020). 

 

 
Figure 1: Scatter plot of relationship okra fruit yield and soybean meal application rates 

2018 
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Figure 2 Simple scatter of okra fruit yield by soybean meal application rates in 2019    

 

3.3 Relationship Between Plant Height and Fruit Yield  

 

A linear regression was run to understand the effect of the increase in plant height on okra fruit 

yields. To determine linearity a scatterplot (Figures 3 and 4) of okra fruit yield against plant 

height with superimposed regression line was plotted for the 2018 and 2019 experiments.  In 

2018 and 2019, there was a linear relationship between okra fruit yield and plant height. 

For 2018, linear regression showed that plant height accounted for 87.6% of the explained 

variability in okra fruit yield with adjusted R2 = 86.9%. In addition, plant height could 

statistically predict fruit yield F (1, 18) = 127. P <0.0005. For 2019, plant height accounted for 

94.9% of the variation in okra fruit yield with adjusted R2 = 94.6%. Plant height could 

statistically predict fruit yield F (1, 18) = 335.90. P <0.0005. The results of this study indicate 

plant height as a major determinant of fruit yield in okra. In a study by Omotoso and Johnson 

(2015) on two varieties of okra in the west of Nigeria, plants that received poultry manure as 

fertilizer produced a yield of 3.3 t/ha and these plants in turn were the tallest with heights of 92.7 

cm. 
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Figure 3 Simple scatter of okra fruit yield by plant height at 12 WAS in 2018    

 

 
 

Figure 4. Simple scatter of okra fruit yield by plant height at 12 WAS in 2019    
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Table 2: Summary of regression analysis showing significant linear relationships between 

soybean meal manure, fruit yield and agronomic traits 

 

 P value 

(2018) 

R2  

(2018) 

P value 

(2019) 

R2 

(2019) 

Relationship between SBM and okra 

fruit yield 

0.000 81.4% 0.000 90% 

Relationship between plant height (at 

12 WAS) and okra fruit yield 

0.000 86.9% 0.000 94.6% 

Relationship between days to flowering 

and okra fruit yield 

0.000 80.9% 0.000 89.2% 

 

SBM=soybean meal, P-value is at 0.05 probability level 

 

3.4 Days to Flowering and Fruit Yield 

A linear regression was run to understand the effect of varying days to flowering on okra fruit 

yields.  A scatterplot of okra fruit yield against days to flowering with superimposed regression 

line was plotted for the 2018 and 2019 experiments (figure 5 and 6).  In 2018 and 2019, there 

was a linear relationship between okra fruit yield and days to flowering. In 2018, days to 

flowering accounted for 80.9% of the explained variability in okra fruit yield with adjusted R2 

=79.9%. No of days to flowering could statistically predict fruit yield F (1, 18) = 76.3.  P 

<0.0005.  In 2019, days to flowering accounted for 89.8% of the variation in okra fruit yield with 

adjusted R2 =89.2%. Days to flowering could statistically predict fruit yield F (1, 18) = 158.42. 

P<0.0001. Fewer days to flowering was associated with higher fruit yield as fewer days allowed 

for a longer period of fruit set before maturity. In addition, SBM application rate of 9 t/ha and 

NPK fertilizer rate of 400 kg/ha led to fewer days to flowering (data not presented in this paper). 

This implies that increased fertilizer rates can shorten the duration of flower emergence in okra.  
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Figure 5. Simple scatter of okra fruit yield by no of days to flowering 2018   

 

 

 
 

Figure 6. Simple scatter of okra fruit yield by no of days to flowering in 2019   
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Conclusion 

In summary, an increase in fruit yield, plant height and shorter days to 50% flowering were 

associated with increased SBM rates. For growers who seek alternatives to inorganic fertilizers; 

SBM can be recommended as a suitable option for yield increase and organic okra production. 
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