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Different organic manure 
sources and NPK fertilizer on soil 
chemical properties, growth, yield 
and quality of okra
Aruna Olasekan Adekiya1*, Wutem Sunny Ejue1, Adeniyi Olayanju2, Oluwagbenga Dunsin1, 
Christopher Muyiwa Aboyeji1, Charity Aremu1, Kehinde Adegbite1 & Olanike Akinpelu1

Use of organic manures to meet the nutrient requirement of crop would be an inevitable practice in the 
years to come for sustainable agriculture since organic manures generally improve the soil physical, 
chemical and biological properties. Hence, field experiments were carried out in 2017 and 2018 to 
compare the impact of different organic manures and NPK fertilizer on soil properties, growth, yield, 
proximate and mineral contents of okra (Abelmoschus esculentus L.). The treatments each year 2017 
and 2018 consisted of: rabbit manure, cow dung, poultry manure, green manure [Mexican sunflower 
(Tithonia diversifolia Asteraceae)], pig manure, NPK 15-15-15 fertilizer applied at 120 kg N ha−1 
and a control (no manure/inorganic fertilizer). The seven treatments were laid out in a randomized 
complete block design with three replication. Organic manures and NPK fertilizer increased the soil 
organic matter (OM), N, P, K, Ca and Mg (NPK fertilizer did not increase OM, Ca and Mg significantly), 
growth, yield, minerals, protein, ash, carbohydrate and mucilage contents of okra fruit as compared 
with control. Organic manures improved okra yield compared with NPK fertilizer. Okra growth and 
yield parameters were significantly higher in 2018 compared with 2017. Control, rabbit manure, cow 
dung, poultry manure, green manure, pig manure and NPK fertilizer in 2018 increased the pod yield 
of okra by 9.7%, 35.3%, 57.9%, 36.2%, 39.2%, 45.5% and 3.2%, respectively compare with the same 
treatment in 2017. Amongst various organic manures, poultry manure produced significantly higher 
plant growth, yield, mineral and proximate composition of okra because of its high soil chemical 
properties which could be related to its lowest C: N ratio, lignin and lignin: N ratio. Results also 
showed that okra grown during high intensity rainfall has higher yield but with reduced quality except 
its mucilage content. Therefore, planting of okra with poultry manure under moderate rainfall will 
enhance the health benefit from the fruit, however, those that desire its mucilage content planting 
during high rainfall is recommended.

Okra (Abelmoschus esculentus L.) is an important tropical and subtropical vegetable crop grown for its fresh 
leaves, buds, flowers, pods, stems and seeds. The fresh pods can be eaten as vegetables in form of salads, in soups 
and stews or boiled. Okra fruits contain mucilage upon cooking. The mucilage has medical importance as it is 
used as a plasma replacement or blood volume expander and binds cholesterol and bile acid carrying toxins 
dumped into it by the  liver1. Okra fruits contain fiber, vitamin C, folate and  antioxidants2. The seeds contain oil 
that is edible by man as well as in soap  industry3.

Despite the enormous potentials of okra fruits production, its yield per hectare and quality in Nigeria had 
been greatly hampered by the low fertility status and organic matter contents of the soils which translate into low 
productivity and consequently reducing income for the  farmer4. According to Adekiya et al.4. the yield of okra 
in Nigeria is currently very low about 2.7 t  ha−1 owing to low native soil fertility status among other factors. Lack 
of sufficient amounts of nutrients result in poor performance of the crop with growth been affected resulting to 
low yield. It has been reported that the maintenance of soil organic matter (OM) is the basis of sustainable crop 
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production in Nigeria and other tropical  countries5. Hence, there is need to improve the fertility of the soil for 
continuous and increased crop production.

In years to come, utilization of organic manure to meet crop nutrient requirement will be an unavoidable 
practice to enhance sustainable agriculture, this is because, the physical, chemical and biological properties of 
soil is generally improved by the addition of organic manures which in turn enhances crop productivity and 
maintains the quality of crop  produce6. Although, in comparison to inorganic fertilizers, organic manures con-
tain smaller quantities of plant nutrients. The use of inorganic fertilizer to increase yield has been found to be 
effective as a short-term solution but demands consistent use on a long-term basis. The high cost of inorganic 
fertilizers makes it uneconomical and out of reach to poor farmers and it is also undesirable due to its hazardous 
environmental  effects7. Therefore, it is essential to investigate the use of locally sourced organic materials which 
are environment friendly, cheap and probably an effective way of improving and sustaining the productivity of 
soils and arable crops such as okra.

Okra yield responses to organic and inorganic fertilizers have been reported by several  workers2,4,8–10. How-
ever, since organic and in organic fertilizers contain different chemical composition and quality they therefore 
may react differently when applied to the soil with respect to soil chemical properties, crop yield and quality. This 
aspect needs investigation especially in Nigeria where such data on the effects of different organic and inorganic 
amendments on the mineral and proximate contents are lacking. Available work dealt with organic amendment 
on the yield of okra without putting into consideration the quality of okra fruits. In Sokoto northern  Nigeria10, 
investigated different sources of organic manure (cow, sheep and poultry manure) on growth and yield of okra. 
Their results revealed that poultry manure promotes higher growth and yield of okra compared with cow and 
sheep manure.

Fagwalawa and  Yahaya11 investigated the effects of Sheep, cow and poultry manures and their combinations 
on the growth and yield of okra, their result also revealed that poultry manure has the highest yield. Also in 
 Malaysia9, six different treatments (no fertilizer, NPK fertilizer, poultry manure, rat manure, goat manure and 
rabbit manure) were investigated on the growth and yield of okra, According to the study, application of poultry 
manure significantly increased the growth and yields performances on okra compared to other types of organic 
fertilizers. To have a holistic approach on the response of organic manures on soil chemical properties and okra 
performance, data on the quality of such okra fruit is imperative. Therefore, the study is to compare the impact 
of different organic manures and NPK fertilizer on soil properties, growth, yield, proximate and mineral contents 
of okra grown in derived savanna zone of Nigeria.

Results
Pre-planting chemical and physical analysis of the experimental field and chemical composi-
tion of organic manures used for the experiment. The result of the pre-planting chemical and physi-
cal analysis of the experimental field (Table 1), indicated in both years that the soil was sandy loam and slightly 
acidic with a pH of 6.10 and 6.20 respectively in 2017 and 2018. The soil organic matter, total N available P and 
exchangeable Ca and K were low with both a little below the critical levels of 3.0%, 0.20%, 10.0 mg kg−1, 2.0 
cmol  kg−1 and 0.15 cmol  kg−1 respectively in both cropping seasons of 2017 and  201812. Exchangeable Mg was 
adequate in 2017 but low in 2018. Analysis of the soil amendments used for this experiment is shown in Table 2 
with poultry manure having the highest percentage of N, P, K, Ca, Mg and the lowest lignin, lignin: N ratio, C: 
N ratio and organic C.

Response of soil chemical properties and bulk density to different organic manure sources and 
NPK fertilizer. Table 3 shows the result of the effect of different organic amendments and NPK fertilizer 

Table 1.  Pre-planting physico-chemical characteristics of the soil (0–15 cm) at the experimental sites in 2017 
and 2018.

2017 2018

Soil properties

pH  (H2O) 6.10 6.20

OM (%) 2.56 2.44

Total N (%) 0.10 0.15

Available P (mg/kg) 9.50 8.90

Exchageable cations (cmol kg−1)

K 0.15 0.14

Ca 1.80 1.90

Mg 0.41 0.38

Particle size distribution (%)

Sand 76 74

Silt 13 15

Clay 11 11

Textural class Sandy loam Sandy loam
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on soil chemical properties. In both years, all organic sources of soil amendment increased soil OM, N, P, K, 
Ca and Mg significantly (p < 0.05) with respect to the control. NPK fertilizer did not increase OM, Ca and Mg 
contents of the soil relative to the control but increased N, P and K. Among organic manure sources, poultry 
manure has the highest values of all soil nutrients (except SOM) which was closely followed by green manure 
treatment with rabbit manure having the least values. The order of SOM among organic manures was: Rabbit 
manure > cow dung > Pig manure > green manure > Poultry manure. All organic manure sources increased soil 
N, P and K compared with NPK fertilizer. In both years, the control has the highest value of pH while NPK fer-
tilizer has the least value, there were no significant differences between the pH values of control, rabbit manure, 
cow dung, poultry manure, green manure and pig manure. Also there were no significant differences in the pH 
values between organic manures and NPK fertilizer, but there was a significant differencs between the pH values 
of the control and NPK fertilizer. Soil chemical properties in year 2018 were increased compared with year 2017 
except soil pH. Soil bulk density in both years was significantly reduced in organic manure soils compared with 
the control and NPK fertilizer which has similar values. All organic manures have statistically similar values 
of bulk density. The interactions between year and amendment (Y × M) were significant for all soil properties 
except soil pH and bulk density.

Response of okra growth and yield to different organic manure sources and NPK fertilizer. The 
results of the response of okra growth and yield to different organic manure sources and NPK fertilizer are pre-
sented in Table 4. In 2017 and 2018, all amendments (both organic and inorganic) increased the growth (plant 
height and leaf area) and yield (okra pod weight and number of pods per plant) of okra compared with the 
control. Also in both years, poultry manure has the highest values followed by green manure. The order of okra 
pod yield was: poultry manure > green manure > pig manure > cow dung > NPK fertilizer = rabbit manure > con-
trol. Okra growth and yield parameters were significantly higher in 2018 compared with 2017. Control, rabbit 
manure, cow dung, poultry manure, green manure, pig manure and NPK fertilizer in 2018 increased the pod 
yield of okra by 9.7%, 35.3%, 57.9%, 36.2%, 39.2%, 45.5% and 3.2%, respectively compare with the same treat-

Table 2.  Analysis of organic manures. Values followed by similar letters under the same column are not 
significantly different at p = 0.05 according to Duncan’s multiple range test.

Manure Organic C (%) N (%) C: N Lignin (%) Lignin: N P (%) K (%) Ca (%) Mg (%)

Rabbit manure 30.1a 1.01e 29.8a 14.8a 14.7a 0.54b 1.95d 1.15d 0.40c

Cow dung 26.5b 1.86d 14.24b 14.6a 7.8b 0.82a 2.11c 1.01d 0.51b

Poultry manure 17.8e 2.91a 6.12e 6.1c 2.1e 0.84a 3.79a 3.34a 0.64a

Green manure 23.6c 2.51b 9.40d 8.1b 3.2d 0.52b 3.04b 3.01b 0.10d

Pig manure 20.1d 2.16c 9.77c 7.9b 3.7c 0.80a 2.16c 1.45c 0.54b

Table 3.  Post-Harvest soil chemical properties. Values followed by similar letters under the same column 
are not significantly different at p = 0.05 according to Duncan’s multiple range test. *Significant difference at 
p = 0.05; ns, not significant at 0.05.

Year Amendments pH (water) OM (%) N (%) P (mg  kg−1) K (cmol  kg−1) Ca (cmol  kg−1) Mg (cmol  kg−1)
Bulk density  
(g  cm−3)

2017

Control 6.02a 2.47f 0.09f 7.9f 0.14g 2.81e 0.38g 1.55a

Rabbit 5.84ab 3.87a 0.14d 9.6e 0.19e 3.28d 0.40ef 1.20b

Cow dung 5.81ab 3.57bc 0.19c 10.3d 0.20de 4.80c 0.46d 1.19b

Poultry 5.85ab 3.08e 0.25a 27.4a 0.70a 5.84a 0.81a 1.19b

Green manure 5.87ab 3.23d 0.24a 15.9b 0.50b 4.96b 0.56b 1.18b

Pig manure 5.82ab 3.47c 0.21b 12.3c 0.26c 4.84c 0.49cd 1.18b

NPK 5.51b 2.50f 0.13e 9.5e 0.16f 2.91e 0.39fg 1.54a

2018

Control 6.01a 2.39e 0.08f 7.2g 0.12f 2.69f 0.36e 1.55a

Rabbit 5.81ab 3.41a 0.17d 10.6e 0.22d 3.66d 0.45d 1.19b

Cow dung 5.81ab 3.11b 0.21c 13.4d 0.22d 5.15c 0.51c 1.19b

Poultry 5.79ab 2.95d 0.27a 29.1a 0.75a 6.96a 0.88a 1.19b

Green manure 5.77ab 3.07c 0.27a 19.4b 0.55b 5.48b 0.61b 1.19b

Pig manure 5.0ab 3.09c 0.24b 15.4c 0.31c 5.10c 0.53c 1.18b

NPK 5.51b 2.41e 0.13e 9.3f 0.15e 2.72e 0.37e 1.54a

Year (Y) Ns * * * * * * Ns

Manure (M) Ns * * * * * * *

Y × M Ns * * * * * * Ns
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ment in 2018. The interactions between year and amendment (Y × M) were significant for all growth and yield 
parameters.

Response of okra quality to different organic manure sources and NPK fertilizer. The effect 
of different organic manure sources on proximate and mineral content of okra in 2017 and 2018 are shown in 
Table 5. In 2017 and 2018 different organic manure sources and NPK fertilizer increased protein, ash, carbohy-
drates, mucilage N, P, K Ca and Mg contents of okra fruits compared with the control. Fat contents of okra fruits 
were reduced with different organic sources and NPK fertilizer compared with the control. Among different 
amendment applied, poultry manure had the highest values of protein, carbohydrate, mucilage, N, P, K, Ca and 
Mg contents. Green manure had statistically similar value with poultry manure in protein, ash, fat, carbohydrate, 
mucilage, N, P and Mg contents in 2017 and in 2018, ash, fat, carbohydrate, mucilage, N and P were statisti-

Table 4.  Growth and yield parameters. Values followed by similar letters under the same column are not 
significantly different at p = 0.05 according to Duncan’s multiple range test. *Significant difference at p = 0.05.

Year Amendments Yield (t  ha−1) No. of pods/plant Plant height (m) Leaf area  (m2)

2017

Control 3.1f 10g 0.29f 0.46e

Rabbit 3.4e 12f 0.37e 0.54d

Cow dung 3.8d 14de 0.41d 0.57d

Poultry 5.8a 23a 0.56a 0.81a

Green manure 5.1b 21b 0.51b 0.71b

Pig manure 4.4c 17c 0.47c 0.64c

NPK 3.5e 13ef 0.38e 0.55d

2018

Control 3.4g 12h 0.30f 0.50f

Rabbit 4.6e 15e 0.41de 0.60e

Cow dung 5.2d 16de 0.44d 0.65de

Poultry 7.9a 26a 0.62a 0.94a

Green manure 7.1b 24b 0.55b 0.80b

Pig manure 6.4c 18c 0.50c 0.71c

NPK 3.6f 14fg 0.39e 0.60e

Year (Y) * * * *

Manure (M) * * * *

Y × M * * * *

Table 5.  Proximate and mineral contents of okra. Values followed by similar letters under the same column 
are not significantly different at p = 0.05 according to Duncan’s multiple range test. *Significant difference at 
p = 0.05.

Year Amendment Protein (%) Ash (%) Fat (%) Carbohydrate (%) Mucilage (%) N (%) P (%) K (%) Ca (%)
Mg 
(%)

2017

Control 9.91g 5.6f 12.9a 22.0d 6.35g 0.82e 10.6d 0.88e 2.41e 2.10e

Rabbit 19.1e 6.2e 13.1ab 26.8c 7.34de 2.87d 12.3b 1.10c 3.22c 3.22c

Cow dung 19.3de 6.4de 13.9ab 27.0c 7.58c 2.96d 12.6b 1.06c 3.10c 3.32c

Poultry manure 23.5a 7.1a 10.4c 32.0a 9.88a 4.41a 13.4a 1.87a 4.43a 4.31a

Green manure 22.1b 6.9ab 10.9c 30.1ab 9.57ab 4.21ab 12.9a 1.44b 3.61b 4.01b

Pig manure 19.6c 6.1e 10.2c 29.0b 7.03e 3.11c 11.6c 1.74ab 3.55b 3.10c

NPK 17.5f 6.7cd 11.9b 27.1c 6.89f 3.21c 11.4c 0.94d 2.96d 2.22d

2018

Control 9.69c 5.1f 12.10a 19.9e 6.84d 0.75d 9.31c 0.81c 2.51e 2.00c

Rabbit 18.6b 5.6e 11.9ab 23.3d 7.58bc 2.65c 10.0b 0.96b 2.76c 2.80b

Cow dung 18.91b 5.8de 11.6ab 24.2cd 7.99b 2.65c 10.9b 0.90b 2.75c 2.88b

Poultry manure 20.88a 6.6a 9.6c 28.0a 10.7a 3.24a 11.9a 1.16a 3.26a 3.68a

Green manure 20.55a 6.5ab 9.8c 27.6ab 10.4a 3.04a 11.8a 0.99b 2.91b 3.61a

Pig manure 18.51ab 5.9d 9.2c 26.2b 7.8b 2.85b 10.6b 1.10ab 2.96b 2.86b

NPK 17.20b 6.0cd 11.0b 23.0d 7.1c 2.86b 10.1b 0.99b 2.61de 2.21c

Year (Y) * * * * * * * * * *

Manure (M) * * * * * * * * * *

Y × M * * * * * * * * * *
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cally similar. Poultry manure and green manure increased protein, carbohydrate, mucilage, N, P, K, Ca, Mg and 
reduced fat compared with NPK fertilizer. 2018 cropping of okra reduced protein, ash, fat, carbohydrate, N, P, 
K, Ca, Mg and increased mucilage contents in the fruits compared with 2017. The interaction (Y × M) was also 
significant for proximate and mineral contents of the okra fruit.

Discussion
The different organic manures increased the soil organic matter (SOM), N, P, K, Ca and Mg contents of the soil 
compared with control. This result is consistent with the analysis recorded for the amendments in the present 
study that they contain these nutrients and also attested to the fact that the soil was deficient in these nutrients 
(Table 1). These nutrients were released into the soil as the organic manures were decomposed. Studies  by13,14 
have shown that animal manures and green manure increased soil OM, N, P and CEC and this was attributed to 
the availability and adequate supply of organic matter. The slightly lower pH of organic amended soil compared 
with the control could be due to the fact that during microbial decomposition of the incorporated manures, 
organic acids may have been released, which neutralized the alkalinity of the manures, thereby lowering the pH 
of the soil below their initial values. Adekiya et al.4 observed a similar trend in their work on organic amend-
ments of soils. NPK fertilizer has the lowest pH as a result of leaching of bases from soil surface. Poultry manure 
significantly produced the highest soil chemical properties, this could be related to its lowest C:N ratio, lignin 
and lignin: N ratio (Table 2) which favours quick mineralization and release of nutrients to the soil compared 
with other soil amendments. Consequently, the quality of an organic amendment is defined in term of the relative 
content of nutrients (especially nitrogen), lignin, lignin: N and the C:N  ratio14. Rabbit manure increased SOM 
compared with other organic manures. The increase in SOM of rabbit manure could be related to its high C:N 
and lignin content. Plant constituents, such as lignin retard decomposition. Organic materials with high C:N 
and lignin generally would favor nutrient immobilization, organic matter accumulation and humus  formation14.

In both years, poultry manure increased N, P, K, Ca and Mg compared with other manures. This was due to 
the fact that poultry manure was low in C:N ratio, lignin and lignin/N and high in N, P, K, Ca and Mg compared 
with other manures. Due to high quality of this amendment, it decomposes quickly and release nutrients to the 
soil. The significant increase in soil nutrients especially OM, N, P and K in organic amendments compared with 
NPK fertilizer was due to leaching in NPK fertilizer treated plots. The reduction in Ca and Mg in NPK fertilizer 
plots compared with organically amended plot was due to the fact that NPK fertilizer did not contain Ca and Mg. 
The reduction of soil bulk density observed in both years with organic manures compared with control and NPK 
fertilizer could be attributed to increase in soil organic matter resulted from the degraded organic residues by 
soil microorganisms. Organic matter is known to improve soil structure, aeration and reduce soil bulk  density15.

The decreasing order of okra yield were poultry manure > green manure > pig manure > cow dung > NPK 
fertilizer = rabbit manure > control. The positive effect of organic manure on growth and okra yield could be due 
to the contribution made by amendments to fertility status of the soils as the soils were low in organic carbon 
content. Manure when decomposed increases both macro and micro nutrients as well as enhances the physio-
chemical properties of the soil for the betterment of okra growth.

Okra grown on poultry manure performed better in terms of growth and yield compared with other sources 
of organic soil amendment and NPK fertilizer. This could also be related to low C:N ratio, lignin and lignin/N 
values These attributes of poultry manure will lead to fast mineralization and early release of nutrients to a short 
gestation crop like okra, hence there was a boost in the morphological growth of the plant which translate to 
greater yield compared with other amendments. Wolf and  Snyder16 reported that C:N ratio of organic materials 
markedly influences the decomposition rate and the mineralization of N because N determines the growth and 
turnover of the microorganisms that mineralize organic carbon.

The reduced growth and yield of okra in plots treated with other manures in comparison with poultry manure 
could be as a result of immobilization of soil nutrients which occurs when soils are treated with animal manure 
of high lignin contents which results from the feed eaten by the  animal17.

Higher yields were observed in poultry manure plots compared with inorganic fertilizer because, the nitrogen 
content of poultry manure is released to the soil gradually and steadily over longer time for the growth of the 
plant compared with nitrogen from NPK fertilizer which is prone to losses by run-off, volatilization, leaching 
and/or denitrification. Poultry manure has been said to be a better soil amendment compared with chemical 
fertilizers because of the greater capability of poultry manure to preserve its  N18. The superior N supply by poultry 
manure during okra cropping in this experiment may be the reason for better growth and yield of okra in plots 
with poultry  manure18. The obtained results corroborated the finding  of19 that poultry manure increased the 
height of okra relative to other amendments.

The better performance of okra under NPK fertilizer plots compared with the control was due to release of 
nutrients (N, P and K) from the fertilizer which are absorbed by the okra plants. Okra growth and yield in second 
year (2018) was better than that of first year (2017). This was due to the differences in the amount of rainfall 
between the two years (Table 6). Year 2017 had 1238 mm of rainfall while it was 1428 mm in 2018. There was 
higher moisture in the first few weeks (month of May) of incorporation of the manures in 2018 compared with 
2017 which may have led to better and quicker decomposition of the organic materials in 2018. Soil biological 
activities which causes degradation of organic materials is severely limited during limited moisture, but with the 
onset of the rains (2018), there is a flush in microbial  activity20.

The fact that organic manures and NPK fertilizer increased okra mineral contents compared with the control 
was attributed to increased availability of the nutrients in soil as a result of the mineralization of the manures 
leading to increased uptake by okra plants. In both years, the correlation coefficient between soil and okra fruit 
N, soil and okra fruit P, soil and okra fruit K, and okra fruit Ca, soil and okra fruit Mg were all significant with 
R values of 0.83, 0.71, 0.66 0.81 and 0.88, respectively at P < 0.05. Poultry manure had the highest values of N, P, 



6

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:16083  | https://doi.org/10.1038/s41598-020-73291-x

www.nature.com/scientificreports/

K, Ca and Mg in the okra fruit compared with other amendment and NPK fertilizer. This result is also consist-
ent with the soil chemical properties and growth and yield for this treatment. The poultry manure may have 
improved the availability of nutrients to the crop by enhancing the mineralization and supply of readily available 
nutrients to the  soil21.

The increased nitrogen to the soil by the incorporation of organic manures increased the nitrogen uptake by 
the okra fruit thereby increasing protein. This explains the reasons for increase in crude protein values between 
organic amendment and control and NPK fertilizer treatment. Poultry manure has the highest value of crude 
protein, this is also consistent with its high soil N level (Table 3). Nitrogen is a major constituent of chlorophyll, 
protein, amino acids, various enzymes, nucleic acids and many other compounds in the cell of  plants22. The crude 
protein contents in all the organically amended soils were above the critical 13–17%23,24. Therefore the organic 
materials sustained good nutritive quality of okra as opposed to NPK and control. The ash content in poultry 
manure treatment was significantly higher possibly because of the balanced nutrient in the manure, unlike NPK 
with inferior contents of N, P, and K and the control with lower concentration of nutrients. In this study, poultry 
manure gave the highest N, P and K concentrations of 3.04%, 11.9% and 1.16% in 2017 and 4.41% 13.4% and 
1.87% in 2018 (Table 6) respectively. The fat content of poultry manure was lowered compared with others, this 
was due to its high protein content of poultry manure. It has also been  reported25 that there is a negative cor-
relation between fat and protein content. High nitrogen application reduced fat and increased protein content. 
Organic amendments and NPK fertilizer increased the mucilage contents of okra compared with the control. 
This could be as a result of increase in NPK from these amendments. This could be attributed to the increase in 
d-galactose, l-rhamnose and d-galacturonic acid contents in okra fruits by the application of nutrients through 
organic and inorganic sources which might have resulted in increase of mucilage  content26. The mucilaginous 
polysaccharide in the okra is rich in uronic acid (65%) and consists of rhamnose, galactose, glucose, galacturonic 
acid and glucuronic acid in addition to 3.7% acetyl  groups27. Ahmad et al.27 also reported that compost and NPK 
fertilizer application increased the mucilage of borage plant. The highest value of mucilage in poultry manure 
could be related to increased soil nutrients compared with other treatments. Okra produced under organic 
amendments has better qualities (N, P, K, Ca, Mg, protein, ash and mucilage) compared with NPK fertilizer and 
control. This is because organic manures not only increase soil nutrients but also improves the physical by pre-
vention of erosion and leaching of nutrients (in this experiment reduce bulk density) and biological  properties28. 
Organic manures also contains both micro and macro nutrients unlike NPK fertilizer that contains only N, P 
and K.  Lumpkin29 also, was of the opinion that organically produced vegetables were of higher qualities than 
those produced using conventional methods. Cropping of okra in 2018 reduced protein, ash, fat, carbohydrate, 
N, P, K, Ca and Mg contents of okra fruit compared with 2017 cropping. This could be adduced to high rainfall 
in 2018 compared with 2017. High rainfall has been reported to reduce the nutrient and proximate content of 
 vegetables30. Climatic conditions have a great effect on the concentration of mineral in plants. Variation in tem-
perature and rainfall have been reported to influence the chemical composition in  plants30,31.

Conclusion
Results of this experiment showed that organic manures and NPK fertilizer increased the soil chemical properties 
(NPK fertilizer did not increase OM, Ca and Mg significantly), growth, yield, minerals, protein, ash, carbohydrate 
and mucilage contents of okra fruit as compared with control. Organic manures improved okra yield compared 
with NPK fertilizer. Amongst various organic manures, poultry manure produced significantly higher plant 
growth, yield, mineral and proximate composition of okra because of its high soil chemical properties which 
could be related to its lowest C:N ratio, lignin and lignin: N ratio. Results also showed that okra grown during 
high intensity rainfall has higher yield but with reduced quality except its mucilage content. Therefore, planting 
of okra with poultry manure under moderate rainfall will enhance the health benefit from the fruit, however, 
those that desire its mucilage content planting during high rainfall is recommended.

Material and methods
Site description, treatments and experimental layout. During 2017 and 2018 cropping seasons, 
okra was grown in a field experiment at the Landmark University Teaching and Research Farm, Omu-Aran, 
Kwara state (8° 9′ N, 5° 61′ E), with altitude of 562 m above sea level. The rainfall pattern was bimodal with peaks 

Table 6.  Meteorological data of the study area. Source Meteorological unit, Teaching and Research Farm, 
Landmark University, Omu-Aran, Kwara State, Nigeria.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2017

Rainfall (mm) 0 0 97.28 92.46 158.24 174.49 71.11 179.33 231.39 119.88 0 114.04

Relative humidity (%) 54.1 44.9 69.7 81.0 85.3 89.9 91.9 93.4 92.3 85.2 71.3 56.9

Mean temp (°C) 29.1 31.2 31.9 29.9 28.9 27.9 26.9 26.3 26.5 27.8 29.9 28.4

2018

Rainfall (mm) 0 12.19 157.73 96.26 214.88 228.6 160.02 95.25 248.66 195.07 19.55 0

Relative humidity (%) 34.3 63.7 78.8 85.2 87.5 90.2 92.7 92.7 91.3 88.4 76.4 47.1

Mean Temp (°C) 26.6 29.6 29.3 29.2 28.1 27.7 26.4 26.2 26.4 27.5 28.8 28.9
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in August (Table 6). The total annual rainfall in the area was about 1238 mm in 2017 with mean air temperature 
of 28.7 °C and mean relative humidity of 83.9%. In 2018, the total annual rainfall in the area was about 1428 mm 
with mean air temperature of 30.0 °C and mean relative humidity of 77.4%. The soil at the site of the experiment 
is an Alfisol classified as Oxic Hap-lustalf or  Luvisol2. The experimental site falls under the derived savanna agro-
ecological zone of North-Central Nigeria. Weeds in the experimental soil before cultivation included Mexican 
sunflower (Tithonia diversifolia Asteraceae) and Guinea grass (Panicum maximum Jacq). Different sites were 
used for the experiment in 2017 and 2018, but the two sites were very close to each other.

The treatments each year 2017 and 2018 consisted of: rabbit manure, cow dung, poultry manure, green 
manure [Mexican sunflower (Tithonia diversifolia Asteraceae)], pig manure, NPK 15-15-15 fertilizer and a con-
trol (no manure/ inorganic fertilizer). Both the organic manures and NPK fertilizer were applied at the rate of 
120 kg N ha−132. This was equivalent to 800 kg ha−1 for NPK 15-15-15, 11.9 t  ha−1 for rabbit manure, 5.5 t  ha−1 for 
cow dung, 4.1 t  ha−1 for poultry, 4.8 t  ha−1 for green manure and 5.6 t  ha−1 for pig manure. The seven treatments 
were laid out in a randomized complete block design (RCBD) with three replications. Each block consisted of 7 
plots measuring 3 × 2 m with 1 m block and 0.5 m between plots.

Land preparation, incorporation of manures, sowing of okra seeds and application of NPK 
fertilizer. The experimental field was cleared manually using cutlass and thrashed removed from the site 
before mechanical (ploughing and harrowing) land preparation after which plots were marked out to the require 
plot size of 3 × 2 m. A hand-held hoe was used to incorporate the manures into the soil to a depth of approxi-
mately 20 cm. All animal manures were obtained from the livestock section of Landmark University Teaching 
and Research Farm. Fresh top Mexican sunflower was collected from a nearby farm and hedge containing green 
tender stems and the leaves. The plots were allowed for 4 week before sowing of okra seeds. Sowing of okra vari-
ety NHAe-47-4 was done late April for both 2017 and 2018 croppings. Two seeds of okra were sown per hole at 
inter-row spacing of 0.6 m and 0.6 m intra-row spacing manually giving a plant population of 27,778 plants  ha−1. 
At 2 weeks after sowing, thinning to one plant per stand was done and this was followed by manual weeding 
using hand hoe before treatment application. Subsequent weeding was done as needed. NPK 15-15-15 fertilizer 
was applied by side placement at about 8–10 cm away from the sown seeds two weeks after sowing. Insect pests 
were controlled by spraying cypermethrin weekly at the rate of 30 ml per 10 l of water from 2 weeks after sowing 
till 4 weeks after sowing.

Determination of soil properties. Before the start of the experiment, soil samples from topsoil (0–15 cm) 
were taken from random spots in the study area and were bulked together, air-dried and sieved using a 2-mm 
sieve and their physical and chemical characteristics were  determined2. Textural class of the soils were deter-
mined by the method  of33. Soil organic carbon (OC) was determined by the procedure of Walkley and Black 
using the dichromate wet oxidation  method34. Total N was determined by the micro-Kjeldahl digestion  method35. 
Available P was determined by Bray-1 extraction followed by molybdenum blue  colorimetry36. Exchangeable K, 
Ca, and Mg were extracted using 1 M ammonium  acetate37. Thereafter, concentration of K was determined on a 
flame photometer, and Ca and Mg were determined by EDTA titration method. Soil pH was determined using 
a soil–water medium at a ratio of 1:2 with a digital electronic pH meter. At the termination of the experiment in 
2017 and 2018, soil samples were also collected (on plot basis) and similarly analysed for soil chemical proper-
ties as described above. Also at the end of the experiment each year, soil bulk density were determined all plots. 
Five undisturbed samples (0.04 m diameter, 0.15 m high) were collected at 0–0.15 m depth from the centre of 
each plot at random and 0.15 m away from each okra plant using core steel  sampler4. The samples were used to 
evaluate bulk density after oven-drying at 100 °C for 24  h4.

Determination of growth and yield parameters. Collection of data for growth (plant height and leaf 
area) was done at mid-flowering of okra plant (about 47 days after sowing). Plant height was determined by the 
use of meter rule while leaf area was determined by using the model {LA = 0.34(LW)1.12} developed  by38, where 
LA = leaf area, L = leaf length and W = leaf width. Edible pods were harvested at four day intervals, counted and 
weighed. Pod weight was evaluated based on the cumulative harvests per plot. For 2017 cropping of okra, fruits 
were harvested until November 2017 while for 2018 okra cropping, fruits were harvested until July 2018.

Chemical analysis of okra fruits and organic manures. At harvest in 2017 and 2018, eight okra fruits 
of uniform sizes were randomly collected from each plot and analyzed for mineral contents according to meth-
ods recommended by the Association of Official Analytical  Chemists39. One gram of each sample was digested 
using 12 cm−3 of the mix of  HNO3,  H2SO4, and  HCLO4 (7:2:1 v/v/v). Contents of N, P, K, Ca and Mg were deter-
mined by atomic absorption spectrophotometry. Lignin content of the organic amendments was determined 
from acid-free detergent fiber using the method described  by40.

Samples of okra fruits from each plot was taken for proximate analysis. The ash, crude protein, crude fat and 
carbohydrate contents of the okra fruits were determined using standard chemical methods described by Asso-
ciation of Analytical  chemists39. Samples of okra fruits were sliced with a knife and blended. After blending, it 
was diluted with ten times its weight with water (1:10). The viscous solution was separated from the debris using 
fine  cloth41. Mucilage of the extracted viscous liquid was measured using viscometer.

About 2 g of each organic manures used was collected and analysed for N, P, K, Ca, and Mg as described 
 by42. N was determined by the micro-Kjeldahl digestion method. Samples were digested with nitricperchloric-
sulphuric acid mixture for the determination of P, K, Ca, and Mg. Phosphorus was determined colorimetrically 
using the vanadomolybdate method, K was determined using a flame photometer and Ca and Mg were deter-
mined by the EDTA titration  method43.
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Statistical analysis. The data collected were subjected to statistical analysis of variance (ANOVA) using the 
Genstat statistical  package44 and treatment means were separated using Duncan Multiple Range Test (DMRT) 
at 5% probability level.

Received: 20 May 2020; Accepted: 27 August 2020

References
 1. Gemede, H. F., Ratta, N., Haki, G. D., Woldegiorgis, A. Z. & Beyen, F. Nutritional quality and health benefits of “okra” (Abelmoschus 

esculentus): A review. Int. J. Nutr. Food Sci. 4(2), 208–215 (2015).
 2. Adekiya, A. O., Aboyeji, C. M., Dunsin, O., Adebiyi, O. V. & Oyinlola, O. T. Effect of urea fertilizer and maize cob ash on soil 

chemical properties, growth, yield, and mineral composition of okra, Abelmoschus esculentus (L.) Moench. J. Hortic. Res. 26(1), 
67–76. https ://doi.org/10.2478/johr-2018-0008 (2018).

 3. Oyolu, C. Okra seeds: Potential source of high quality vegetable oil. in Proceedings of 5th Annual Conference Horticulture 
Society,Nigeria, Nsukka (1983).

 4. Adekiya, A. O., Agbede, T. M., Aboyeji, C. M., Dunsin, O. & Ugbe, J. O. Green manures and NPK fertilizer effects on soil proper-
ties, growth, yield, mineral and vitamin C composition of okra (Abelmoschus esculentus(L.) Moench). J. Saudi Soc. Agric. Sci. 18, 
218–223. https ://doi.org/10.1016/j.jssas .2017.05.005 (2019).

 5. Oladipo, O. G., Olayinka, A. & Aduayi, E. A. Effects of organic amendments on microbial activity, N and P mineralization in an 
Alfisol. Environ. Manage. J. 2, 30–40 (2005).

 6. Maheswarappa, H. P., Nanjappa, H. V., Hegde, M. R. & Prabhu, S. R. Influence of planting material, plant population and organic 
manures on yield of East Indian galangal (Kaempferia galanga), soil physico-chemical and biological properties. Indian J. Agron. 
44(3), 651–657 (1999).

 7. Olowoake, A. A. Influence of organic, mineral and organomineral fertilizers on growth, yield, and soil properties in grain amaranth 
(Amaranthus cruentus L.). J. Org. 1(1), 39–47 (2014).

 8. Agbede, T. M. & Adekiya, A. O. Effect of wood ash, poultry manure and NPK fertilizer on soil and leaf nutrient composition, 
growth and yield of okra (Abelmoschus esculentus). Emirate J. Food Agric. 24(4), 314–321 (2012).

 9. Khandaker, M. M., Jusoh, N., Ralmi, N. H. A. & Ismail, S. Z. The effect of different types of organic fertilizers on growth and yield 
of Abelmoschus esculentus L. Moench (okra). Bulg. J. Agric. Sci. 23(1), 119–125 (2017).

 10. Tiamiyu, R. A., Ahmed, H. G. & Muhammad, A. S. Effect of sources of organic manure on growth and yields of okra (Abelmoschus 
esculentus L.) in Sokoto, Nigeria. Niger. J. Basic Appl. Sci. 20(3), 213–216 (2012).

 11. Fagwalawa, L. D. & Yahaya, S. M. Effect organic manure on the growth and yield of okra. Imperial J. Interdiscipl. Res. 2(3), 130–133 
(2016).

 12. Akinrinde, E. A. & Obigbesan, G. O. Evaluation of the fertility status of selected soils for crop production in five ecological zones 
of Nigeria. In Proceedings of the 26th Annual Conference of Soil Science Society of Nigeria (ed. Babalola, O.) 279–288 (University of 
Agriculture, Ibadan, 2000).

 13. Mbah, C. N. & Mbagwu, J. S. C. Effect of organic wastes on physiochemical properties up a dystrice leptosol and maize yield in 
southeastern—Nigeria. Niger. J. Soil Sci. 16, 96–103 (2006).

 14. Adekiya, A. O. Legume mulch materials and poultry manure affect soil properties, and growth and fruit yield of tomato. Agric. 
Conspect. Sci. 83(2), 161–167 (2018).

 15. Agbede, T. M., Adekiya, A. O. & Ogeh, J. S. Response of soil properties and yam yield to Chromolaena odorata (Asteraceae) and 
Tithonia diversifolia (Asteraceae) mulches. Arch. Agron. Soil Sci. 60(2), 209–224 (2014).

 16. Wolf, B. & Snyder, G. H. Sustainable Soils: The Place of Organic Matter in Sustaining Soils and Their Productivity (The Haworth 
Press Inc., New York, 2003).

 17. Togun, A. O., Akanbi, W. B. & Adediran, J. A. Growth, nutrient uptake and yield of tomato in response to different plant residue 
composts. J. Food Agric. Environ. 2(1), 310–316 (2004).

 18. Olaniyi, J. O., Akanbi, W. B., Oladiran, O. A. & Ilupeju, O. T. The effect of organo-mineral and inorganic fertilizers on the growth, 
fruit yield, quality and chemical compositions of Okra. J. Anim. Plant Sci. 1, 1135–1140 (2010).

 19. Ajari, O., Tsado, L. E. K., Oladiran, J. A. & Salako, E. A. Plant height and fruit yield of okra as affected by field application of fertilizer 
and organic matter in Bida, Nigeria. Niger. Agric. J. 34, 74–80 (2003).

 20. Adekiya, A. O., Agbede, T. M., Aboyeji, C. M. & Dunsin, O. Response of okra (Abelmoschus esculentus (L.) Moench) and soil 
properties to different mulch materials in different cropping seasons. Sci. Hortic. 217, 209–216 (2017).

 21. Adekiya, A. O., Agbede, T. M. & Ojeniyi, S. O. The effect of three years of tillage and poultry manure application on soil and plant 
nutrient composition, growth and yield of cocoyam. Exp. Agric. 52, 466–476 (2016).

 22. Agbede, O. O. Understanding Soil and Plant Nutrition (Petra Digital Press, Abuja, 2009).
 23. Oyenuga, V.A. & Fetuga, B.I. Dietary importance of fruits and vegetables. in Proceeding First National Seminar on Fruits and 

Vegetables, 122–131. University of Ibadan. October 13–17 (1975).
 24. Rubatizky, V. E. & Yamaguchi, M. World Vegetables: Principles, Production and Nutritive Values 2nd edn. (International Thomas 

Publishing, Chapman and Hall, New York, 1997).
 25. Blumenthal, J., Battenspenrger, D., Cassman, K. G., Mason, K. G. & Pavlista, A. Importance of nitrogen on crop quality and health. 

In Nitrogen in the Environment: Sources, Problems and Management 2nd edn (eds Hatfield, J. L. & Folett, R. F.) (Elsevier, Amsterdam, 
2008).

 26. Mani, S. & Ramanathan, K. M. Effect of nitrogen and potassium on the crude fibre content of bhendi fruit on successive stage of 
picking. South Indian Hortic. 29(2), 100–104 (1981).

 27. Ahmad, E., Moaveni, P. & Farahani, H. A. Effects of planting dates and compost on mucilage variations in borage (Borago officinalis 
L.) under different chemical fertilization systems. Int. J. Biotechnol. Mol. Biol. Res. 1(5), 58–61 (2010).

 28. Leroy, B. M. M., Bommele, L., Reheul, D., Moen, M. & de Neve, S. The application of vegetable, fruit and garden waste (VFG) 
compost in addition to cattle slurry in a silage maize monoculture: Effects on soil fauna and yield. Eur. J. Soil Biol. 43, 91–100 
(2007).

 29. Lumpkin, H. Organic vegetable production: A theme for international agricultural research. in Proceedings of the seminar on the 
production and export of organic fruit and vegetables in Asia. https ://www.fao.org/DOCRE P/006/AD429 E/ad429 e13.htm. Accessed 
8 Dec 2019 (2003).

 30. Weston, L. A. & Barth, M. M. Pre-harvest factors affecting post-harvest quality of vegetables. HortScience 32(5), 812–816 (1997).
 31. Lefsrud, M. G., Kopsell, D. A., Kopsell, D. E. & Curran-Celentano, J. Air temperature affect biomass and carotenoid pigment 

accumulation in kale and spinach grown in a controlled environment. HortScience 40(7), 2026–2030 (2005).
 32. Cardoso, M. O. & Berni, R. F. Nitrogen applied in okra under non-tightness grown and residual fertilization. Hortic. Bras. 30, 

645–652 (2012).
 33. Gee, G. W. Particle-size analysis. In Methods of Soil Analysis, Part 4. Physical Methods (eds Dane, J. H. & Topp, G. C.) 255–293 

(Wiley, Hoboken, 2002).

https://doi.org/10.2478/johr-2018-0008
https://doi.org/10.1016/j.jssas.2017.05.005
http://www.fao.org/DOCREP/006/AD429E/ad429e13.htm


9

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:16083  | https://doi.org/10.1038/s41598-020-73291-x

www.nature.com/scientificreports/

 34. Nelson, D. W. & Sommers, L. E. Total carbon, organic carbon, and organic matter. In Methods of Soil Analysis, Part 3. Chemical 
Methods (ed. Sparks, D. L.) 961–1010 (Wiley, Hoboken, 1996).

 35. Bremner, J. M. Nitrgen-total. In Methods of Soil Analysis, Part 3. Chemical Methods (ed. Sparks, D. L.) 1085–1121 (Wiley, Hoboken, 
1996).

 36. Frank, K., Beegle, D. & Denning, J. Phosphorus. In Recommended chemical soil test procedures for the North Central Region, North 
Central Regional Research Publication No. 221 (re-vised) (ed. Brown, J. R.) 21–26 (Missouri Agriculture Experiment Station, 
Columbia, 1998).

 37. Hendershot, W. H. & Lalande, H. Ion exchange and exchangeable cations. In Soil Sampling and Methods of Analysis (ed. Carter, 
M. R.) (Lewis Publishers, CRC Press, Cambridge, 1993).

 38. Omolaiye, J. A. et al. Development of leaf area prediction model of okra (Abelmoschus spp.). Product. Agric. Technol. J. 11(1), 
130–136 (2015).

 39. AOAC. Official Methods of Analysis of AOAC International (AOAC, Arlington, 2003).
 40. Williams, P., El-Baramen, F. J., Nakkow, B. & Rihawi, S. Crop Quality Evaluation Methods and Guidelines (International Centre for 

Agricultural research in the Dry Area, Aleppo, 1986).
 41. Thanatcha, R. & Pranee, A. Extraction and characterization of mucilage in Ziziphus mauritiana Lam. Int. Food Res. J. 18, 201–212 

(2011).
 42. Tel, D.A. & Hagarty, M. Soil and Plant Analysis. Study Guide for Agricultural Laboratory Directors and Technologists Working in 

Tropical Regions. International Institute of Tropical Agriculture, Ibadan, Nigeria, in conjunction with the University of Guelph, 
Canada (1984).

 43. Horwitz, W. & Latimer, G. W. (eds) Official Methods of Analysis of AOAC International (AOAC, Arlington, 2005).
 44. Genstat. Genstat 5 Release 3.2 Reference Manual (Oxford University Press, Oxford, 1993).

Acknowledgements
I would like to thank Landmark University who provided enabling environment in carrying out the experiment 
and also willing to pay the article processing charges of this paper

Author contributions
A.O.A.—design, statistical analysis & write up; W.S.E.—typing of manuscript; A.O.—proof reading of manuscript; 
C.M.A.—design of experiment; O.D.—data collection; O.A.—field work; K.A.A.—proof reading of manuscript; 
C.A.—statistical analysis of data.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.O.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Different organic manure sources and NPK fertilizer on soil chemical properties, growth, yield and quality of okra
	Results
	Pre-planting chemical and physical analysis of the experimental field and chemical composition of organic manures used for the experiment. 
	Response of soil chemical properties and bulk density to different organic manure sources and NPK fertilizer. 
	Response of okra growth and yield to different organic manure sources and NPK fertilizer. 
	Response of okra quality to different organic manure sources and NPK fertilizer. 

	Discussion
	Conclusion
	Material and methods
	Site description, treatments and experimental layout. 
	Land preparation, incorporation of manures, sowing of okra seeds and application of NPK fertilizer. 
	Determination of soil properties. 
	Determination of growth and yield parameters. 
	Chemical analysis of okra fruits and organic manures. 
	Statistical analysis. 

	References
	Acknowledgements


