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ABSTRACT 
 
Okra production in Nigeria is particularly under smallholder and resource-poor farmers. This study 
therefore investigated the influence of aerobically composted cowdung (CWD), singly and in 
combination with Ogun rock phosphate (ORP) applications on the yield of okra and soil organic 
matter maintenance in typical forest ecology of Nigeria. The study was conducted during two 
different okra cropping seasons. The experiment was in a randomised complete block design of 
four, 27.0 m x 4.0 m blocks; each was divided into seven plots of 4.0 m x 3.0 m with an alley of 1.0 
m between blocks and 1.0 m within plots. The treatment plots were made up of crop with: 100% 
CWD, 100% ORP, 20% CWD + 80% ORP, 40% CWD + 60% ORP, 60% CWD + 40% ORP, 80% 
CWD + 20% ORP and zero percent application served as control. The seven organic fertilizer 
treatments were applied at planting, and at the rates of 6.0 and 0.3 t ha

-1
 for 100% CWD and 100% 

ORP respectively. Each of the treatments was replicated four times to give a total of 28 plots. 
Highest fresh okra mean yield of 22.9 ± 1.3 t ha

-1
 obtained with 60% CWD + 40% ORP was only 

significantly (p = 0.05) different from 14.2 ± 1.2 t ha-1 obtained with zero treatment application. This 
experiment was repeated two more times, but without treatment applications. About 5% reduction 
and over 100% increase in soil organic carbon and available P respectively were achieved after 
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third consecutive okra cultivation. We therefore concluded that aerobically composted cowdung 
when complemented with Ogun rock phosphate enhanced the quantity of okra and soil organic 
matter of the study area. 
 

 
Keywords: Cowdung; forest ecology; Ogun rock phosphate; okra; resource-poor farmers. 
 
1. INTRODUCTION 
 

Presently, the economy of Nigeria depends 
largely on the oil sector, but the global dwindling 
price of which is adversely affecting all her 
sectors. This is a deviation from an agrarian 
economy that Nigeria was known for in the 
1960s. However, current drive by the Federal 
Government of Nigeria on agriculture has 
brought okra cultivation under smallholder 
farmers and its economic importance lies in the 
internal trade [1]. 
 

Okra (Abelmoschus esculentus) is commonly 
referred to as ladies fingers and belongs to the 
family Malvaceae [2]. Okra is mainly cultivated 
for its fresh pods [3,4] or leaves [5] when cooked 
and eaten in countries like Sudan, Egypt and 
Nigeria. The seeds of okra contain 47.4% oil [6]. 
Other essential composition of okra leaves and 
fruits have been reported by many researchers 
such as Akanbi et al. [7], Sanjeet et al. [8] and 
Adetuyi et al. [9]. 
 

The inherently low fertility of soils in the tropics, 
including Nigeria [10] requires high soil organic 
matter maintenance through the use of 
appropriate agronomic techniques in the 
management of its sandy and fragile soils. 
Organic materials such as composted cowdung 
and Ogun rock phosphate may be added to soil 
to replenish nutrient use, and zero tillage practice 
as traffic-reduction-measure on topsoil enhance 
soil productivity levels [1]. The present practice of 
arbitrary dumping of cowdung in many open 
spaces, particularly near abattoirs in the cities in 
Nigeria is un-aesthetic and could lead to 
outbreak and spread of diseases. 
 

Soluble phosphate fertilizers that are commonly 
used to supplement P deficiency in soils during 
crop cultivation in Nigeria are very expensive for 
resource-poor farmers [11] and the need for 
suitable and environment-friendly alternative 
cannot be overemphasised. The abundance and 
chemical compositions of rock phosphate from 
different deposits in Nigeria have been well 
documented by Adesanwo et al. [12] and Obaje 
et al. [13]. Despite the agronomic potentials of 
this indigenous Ogun rock phosphate [14] there 
is dearth of information on its phosphorus 

constituent addition to soil in okra production. 
This study therefore seeks to assess the 
influence of composted cowdung and Ogun rock 
phosphate addition for okra cultivation and soil 
organic matter maintenance in forest ecology of 
Nigeria. 
 

2. MATERIALS AND METHODS 
 

2.1 Location of the Study and 
Experimental Design 

 

The experiment was conducted on a sandy loam 
soil at the Teaching and Research Farm of 
Obafemi Awolowo University (T&RFOAU), Ile-Ife, 
(07º32.250'N; 004º32.127'E) in Nigeria during the 
wet season of 2013. Fresh cowdung was 
collected from the Beef Unit of the T&RFOAU, 
aerobically composted for three months to obtain 
completely cured compost. Lumps of Ogun rock 
phosphate were obtained from the Department of 
Soil Science and Land Resources Management, 
OAU, Ile-Ife. Seeds of okra variety, NHAe 47-4 
were purchased from National Horticultural 
Institute, Ibadan, Nigeria. 
  
The piece of land for the experiment was 
ploughed twice to obtain good seedbed and the 
experiment laid out in randomised complete 
block design of four, 27.0 m x 4.0 m blocks; each 
was divided into seven plots of 4.0 m x 3.0 m 
with an alley of 1.0 m between blocks and 1.0 m 
within plots. The treatment plots were made up of 
crop with: 100% cowdung (CWD), 100% Ogun 
rock phosphate (ORP), 20% CWD + 80% ORP, 
40% CWD + 60% ORP, 60% CWD + 40% ORP, 
80% CWD + 20% ORP and zero percent manure 
addition served as control. Each of the 
treatments was replicated four times to give a 
total of 28 plots. The selected meteorological 
(soil temperature, rainfall and relative humidity) 
data for 2013 and 2014 of the study location are 
presented in Fig. 1(a-c). 
 

2.2 Agronomic Study and Data Collection 
  
Okra seeds were sown at three seeds per hole 
using 0.6 m x 0.3 m planting distance. The seven 
organic fertilizer treatments were applied at 
planting at the rates of 6.0 t ha-1 and 0.3 t ha-1 for 
100% CWD and 100% ORP respectively. The 
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exact quantities of other organic fertilizer 
treatments were worked out and applied 
accordingly at planting. The okra seedlings were 
thinned to two per hole to give 111,111 plants 
population per hectare at two weeks after 
sowing. Manual weeding was carried out at 
intervals of 2, 5 and 7 weeks after sowing (WAS). 
The okra pods were harvested weekly from 45 
days after sowing and continued till 15 WAS 
when the experiment was terminated. At each 
time of harvest, the fresh okra pods were 
counted and weighed to get the fresh weight per 
plot. Two repeat experiments were conducted on 
the same piece of land during the dry season of 
2013 and wet season of 2014, but without 
additional organic fertilizers (composted 
cowdung and Ogun rock phosphate) as soil 
amendments. 
 

2.3 Soil, Composted Cowdung and Ogun 
Rock Phosphate Analyses 

 

Three composite soil samples to the depth 0-15 
cm were collected with soil auger from the 
ploughed land using simple random technique, 
air-dried and sieved through 2.0 mm mesh. The 
pre-cropped soil, CWD and ORP samples were 
analyzed using standard methods as outlined by 
Page et al. [15] to determine their properties. The 
soil pH was determined in 1:1 soil-1 M KCl 
suspension using a glass electrode pH meter. 
Total nitrogen of the soil and CWD were 
determined by the macro-Kjeldahl method. 
Available phosphorus in the soil, CWD and ORP 
were extracted using Bray P1 method and P in 
the extractants was determined by colorimeter. 
The organic carbon in soil and CWD were 
determined using Walkley-Black wet oxidation 
method. Sodium ion, K+, Ca2+ and Mg2+ in the 
soil samples were extracted with 1 M ammonium 
acetate and the concentrations of Ca2+ and Mg2+ 
in the filtrates were read using the Buck Scientific 
Atomic Absorption Spectrophotometer model 
210/211 VGP, while Na+ and K+ were determined 
using the Gallenkamp Flame photometer. The 
addition of these cations gave the cation 
exchangeable capacity. 
 

Post-cropping analyses of soils from different 
treatment plots were also carried out to 
determine the soil physical and chemical 
properties using standard methods as outlined by 
Page et al. [15].  
 

2.4 Statistical Analyses 
 

Data on yield of okra obtained were subjected to 
analysis of variance and their treatments means 

to Bonferroni post-tests for their treatment effects 
evaluation using the GraphPad Prism 5.0 
statistical software at 95% probability level. The 
selected post-cropped soil properties were 
subjected to descriptive analysis. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Effects of Organic Amendments on 
Soil Properties 

 
The pre-cropping soil pH was 6.1, an indication 
of a relatively acidic soil condition and particle 
size was sandy loam, typical of most African soils 
(Table 1). The soil organic carbon (SOC) 12.6 g 
kg-1 was moderately high, while total N 1.3 g kg-1 
and available P 2.0 mg kg-1 were considered low 
for most vegetables and cereal crops in Nigeria 
[16]. Also, the pre-cropped soil cation 
exchangeable capacity, CEC (Na+ + K+ + Ca2+ + 
Mg2+) was 2.22 cmol kg-1. There was 19.8% SOC 
build-up after the first okra cropping cycle which 
could be attributed to cowdung compost addition 
and litter-fall during the cultivation (Tables 2 and 
3). The SOC reduced by 8.6 and 5.8% after the 
second and third okra cultivations respectively, 
but without treatment additions. However, by the 
end of third cultivation, SOC in the control plots 
had reduced by 75% (from 12.6 to 4.2 g kg-1). 
African low-activity clay soils are susceptible to 
rapid SOC reduction once the native vegetation 
is cleared [17]. 
 
Total N and available P also reduced with 
continuous okra cultivation on the same piece of 
land without further additions of soil amendment. 
The use of ORP in this study as a source of P for 
okra production enhanced P availability. 
Substantial amount of available P obtained 
following additions of crop residues and other 
organics to boost soil P had been observed by 
Özdemir et al. [18] and Soremi et al. [19]. Also, 
the earlier studies by Akinrinde and Obigbesan 
[10], Adesanwo et al. [12] and Obaje et al. [13] 
on the chemical composition of ORP could be of 
agronomic importance in crop husbandry, 
particularly when the soil in use is P deficient. 
Akande et al. [20] obtained enhanced P 
availability and uptake with addition of rock 
phosphate to soil, particularly in acidic condition. 
Addition of ORP increased the P availability in 
the soil by 490.0, 108.2, 102.8% after first, 
second and third okra cultivation respectively. 
Over 75% reduction in P availability despite 
single dose of ORP addition to soil could be 
attributed to P fixation ability. 
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Only the control plots (plots without CWD and 
ORP applications) had the CEC reduced by over 
50% after third cultivation circle of the test crop. 
Ande et al. [21] had observed high rate of 
decomposition and mineralisation of inherent 
organic materials in a typical tropical soil. Also, 
the inherent adsorption potentials of most 
organic materials often used as soil amendments 
could have enhanced the CEC of the soil after 
okra cultivation as demonstrated in Table 2. 
 

3.2 Effects of Organic Amendments on 
the Yield of Okra 

 

In the wet season of 2013, the highest fresh okra 
mean yield of 22.9 t ha-1 obtained with 60% CWD 
+ 40% ORP treatment application was only 
significantly (P = 0.05) higher than 14.2 t ha-1 
obtained with no soil amendment additions 
(Table 4). However, in the subsequent dry 
season and with no new treatment applications 
to soil, relatively low mean yields were obtained 
which were also not significantly different. The 
mean yields of fresh okra pods from the same 

plots during third cultivation in 2014 were 
comparable with the wet season of 2013 and 
higher than the dry season cultivation. Organic-
based soil amendments have great potentials to 
release nutrients slowly into the soil for enhanced 
crop yield and long positive residual effect [22]. 
 

3.3 Effects of Selected Environmental 
Factors on the Yield of Okra 

  
The selected monthly mean weather data (soil 
temperature, rainfall and relative humidity) 
collected from the OAU Teaching and Research 
Farm meteorological station for 2013 and 2014 
are presented in Fig. 1. Okra production was 
enhanced with increase in rainfall and decrease 
in soil temperature as higher yields were 
obtained in the wet than dry seasons. Soil 
management is another environmental factor [17] 
such as the judicious use of organic N and P 
when complemented together enhanced the 
fresh yield of okra pods, particularly during the 
wet season [23]. 

  
Table 1. Selected properties of pre-cropped soil, cowdung and Ogun rock phosphate 

 

Property Soil Cowdung Ogun rock phosphate 

pH (1:1 Soil : 1 M KCl) 6.1 - - 
Particle size Sandy loam - - 
Organic carbon (g kg-1) 12.6 118.3 - 
Total nitrogen (g kg-1) 1.3 11.6 - 
Available P (mg kg-1) 2.0 3.5 28.1 
CEC (cmol kg-1) 2.22 - - 

 
Table 2. Post-cropped soil organic carbon, available P contents and CEC in 2013 and 2014 

 

Treatment Organic carbon ( g kg
-1

) Available P (mg kg
-1

) CEC (cmol  kg
-1

) 
WS 
2013 

DS 
2013 

WS 
2014 

WS 
2013 

DS 
2013 

WS 
2014 

WS 
2013 

DS 
2013 

WS 
2014 

1 10.2 8.2 4.2 1.8 1.6 1.3 1.87 1.40 0.97 
2 17.7 16.5 16.0 1.8 1.7 1.7 2.20 2.12 1.98 
3 10.6 8.9 5.5 20.3 17.5 17.4 2.35 2.24 2.01 
4 11.9 9.5 8.8 16.9 16.0 15.3 1.97 1.92 1.86 
5 14.3 13.0 12.1 12.1 11.9 11.5 2.23 2.15 1.97 
6 15.1 13.8 13.0 9.8 10.6 10.9 2.45 2.31 2.01 
7 15.7 15.3 14.5 7.0 6.1 7.5 2.61 2.44 2.24 

Legend: CWD = Composted cowdung, ORP = Ogun rock phosphate, WS = Wet season, DS = Dry season, 
Control = 1, 100% CWD = 2, 100% ORP = 3, 20% CWD + 80% ORP = 4, 40% CWD + 60% ORP = 5, 60% CWD 

+ 40% ORP = 6, 80% CWD + 20% ORP = 7, CEC = Cation exchangeable capacity. 

 
Table 3. Percentage increase in selected post-cropped soil properties* in 2013 and 2014 

 

Property Wet season 2013 Dry season 2013 Wet season 2014 
Organic carbon (g kg-1) 15.1 (+19.8%) 13.8 (-8.6%) 13.0 (-5.8%) 
Available P (mg kg-1) 9.8 (+490.0%) 10.6 (+108.2%) 10.9 (+102.8%) 
CEC (cmol kg-1) 2.45 (+10.4%) 2.31 (+4.1%) 2.01 (-9.5%) 

Note: * Post-cropped soil properties of the plots with treatment 60% CWD + 40% ORP 
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Table 4. Fresh yield of okra (± SE t ha
-1

) in 2013 and 2014 cropping seasons 
       
Treatment Wet season 2013 Dry season 2013 Wet season 2014 
Control 14.2 ± 1.2b 11.8 ± 2.0ns 14.0 ± 1.3b 
100% CWD 17.6 ± 0.9ab 16.6 ± 1.5ns 17.1 ± 1.5ab 
100% ORP 16.7 ± 1.3ab 16.0 ± 1.2ns 16.0 ± 1.4ab 
20% CWD+80% ORP 17.3 ± 1.4ab 16.0 ± 1.2ns 16.9 ± 1.6ab 
40% CWD+60% ORP 17.8 ± 2.0ab 16.0 ± 1.6ns 17.3 ± 1.7ab 
60% CWD+40% ORP 22.9 ± 1.3a 17.8 ± 1.4ns 22.4 ± 1.3a 
80% CWD+20% ORP 20.9 ± 1.4ab 17.2 ± 1.4ns 20.3 ± 1.2ab 

Mean with the same letter in the column are not significantly different by Bonferroni's Multiple Comparison Test at 
p = 0.05 

ns = Not significant at p = 0.05 
Legend: CWD = Composted cowdung, ORP = Ogun rock phosphate 

 
  

 
 

 
Fig. 1 (a)-(c). Monthly (a) soil temperature, (b) rainfall and (c) relative humidity of the study area 

(2013-2014) 
Source: OAU Teaching and Research Farm Meteorological Station, Ile-Ife, Nigeria 

 

4. CONCLUSION 
 
We concluded that aerobically composted 
cowdung when complemented with Ogun rock 
phosphate could be effectively used to enhance 
the quantity of okra and to sustain the quality of 
soil organic carbon. In the area of environmental 
sanitation, the use of composted cowdung for 
soil organic carbon maintenance could also be 

seen as a way of ‘cleaning the environment’ 
where heaps of such are still in abundance in 
many open spaces within the vicinity of abattoirs 
in Nigeria. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

30

32

34

36

38

40

Ja
n

F
eb

M
ar

A
p

r
M

ay Ju
n

Ju
l

A
ug S
ep O
ct

N
o

v
D

ec

S
o

il
 T

em
pe

ra
tu

re
 (

°C
)

Months

2013

2014

(a)

0

50

100

150

200

250

300

350

Ja
n

F
eb

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
ug S
ep O
ct

N
o

v

D
ec

R
ai

nf
al

l 
(m

m
)

Months

2013

2014

(b)

60

70

80

90

100

Ja
n

F
eb

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
ug S
ep O
ct

N
o

v

D
ec

R
el

at
iv

e 
H

um
id

it
y 

(%
)

Months

2013

2014

(c)



 
 
 
 

Adewole and Adebayo; IJPSS, 22(1): 1-7, 2018; Article no.IJPSS.38716 
 
 

 
6 
 

REFERENCES 
 

1. Adebayo RT. Influence of two organic-
based fertilizers on the growth and 
organoleptic properties of okra 
[Abelmoschus esculentus (L.) Moench]. 
M.Sc. thesis submitted to the Institute of 
Ecology and Environmental Studies, 
Obefemi Awolowo University, Ile-Ife, 
Nigeria; 2015.  

2. Grubben GH. Tropical vegetables and their 
genetic resources. Edited by Tindall and 
Willians, FAO, Rome, Italy; 1999.  

3. Olaniyi JO, Akanbi WB, Olaniran OA, 
Ilupeju OT. The effect of organo-mineral 
and inorganic fertilizers on the growth, fruit 
yield, quality and chemical compositions   
of okra. Journal of Animal and Plant 
Sciences. 2010;9:1135-1140. 

4.  Akintoye HA, Adebayo AG, Aina OO. 
Growth and yield response of okra 
intercropped with live mulches. Asian 
Journal of Agricultural Research. 2011;5: 
146-153. 

5. Adewole MB, Ilesanmi AO. Effects of 
different soil amendments on the growth 
and yield of okra in a tropical rainforest       
of Southwestern Nigeria. Journal of 
Agricultural Sciences (Belgrade). 2012; 
57(3):143-153. 

6. Andras CD, Simandi B, Orsi F, Lambrou C, 
Tatla DM, Panayiotou C, Domokos J, 
Doleschall F. Supercritical carbon dioxide 
extraction of Okra (Hibiscus esculentus L.) 
seeds. Journal of Science and Food 
Agriculture. 2005;85:1415-1419. 

7. Akanbi WB, Togun AO, Adediran JA, 
Ilupeju AO. Growth dry matter and fruit 
yields component of okra under organic 
and inorganic sources of nutrients. 
American Eurasian Journal of Sustainable 
Agriculture. 2010;4(1):1-13. 

8. Sanjeet K, Sokona D, Adamou H, Alain R, 
Dov P, Christophe K. Okra (Abelmoschus 
spp.) in West and Central Africa: Potential 
and progress on its improvement. African 
Journal of Agricultural Research. 2010; 
5(25):3590-3598. 

9. Adetuyi F, Ajala L, Ibrahim T. Effect of      
the addition of defatted okra seed 
(Abelmoschus esculentus) flour on the 
chemical composition, functional 
properties and Zn bioavailability of plantain 
(Musa paradisiacal Linn) flour. Journal of 
Microbiology Biotechnology and Food 
Science. 2012;2(1):69-82. 

10. Akinrinde EA, Obigbesan GO. Benefits of 
phosphate rocks in crop production: 
Experience in benchmark tropical soil 
areas in Nigeria. Journal of Biological 
Sciences. 2006;6(6):999-1004. 

11. Akande MO, Oluwatoyin FI, Makinde EA, 
Adepoju AS, Adepoju IS. Response of okra 
to organic and inorganic fertilization. 
Nature and Science. 2010;8(10):261-266. 

12. Adesanwo OO, Dunlevey JN, Adetunji M 
T, Adesanwo JK, Diatta S, Osiname OA. 
Geochemistry and mineralogy of Ogun 
phosphate rock. African Journal of 
Environmental Science and Technology. 
2010;4(10):698-708. 

13. Obaje SO, Okosun EA, Amoka IS, Kwaha 
JZ. Geochemical characterization and Ore 
dressing potential of Sokoto phosphate 
rock, Northwestern Nigeria. Universal 
Journal of Geoscience. 2014;2(7):187-  
194. 

14. Akintokun OO, Adetunji MT, Akintokun PO. 
Evaluation of Ogun phosphate rock as 
phosphorus source foe soybean. ASSET 
Series A. 2003;3(4):137-142. 

15. Page AL, Miller RH, Keeney DR. Methods 
of soil analysis, Part 2, Chemical and 
Microbiological properties. American 
Society of Agronomy, Inc., Madison, WI., 
USA; 1982 

16. Singh HB. The role of manures and 
fertilizers in crop production. Developing 
agri-input markets in Nigeria (DAIMINA). 
An International Centre for Soil Fertility and 
Agricultural Development (IFDC) Market 
Information Bulletin; 2002.  

17. Feller C. Organic inputs, soil organic 
matter and functional soil organic 
compartments in low-activity clay soils in 
tropical zones. In: K. Mulongoy and R. 
Merckx (eds.). Soil organic matter 
dynamics and sustainability of tropical 
agriculture. Proceedings of an International 
Symposium organised by the Laboratory of 
Soil Fertility and Biology, Katholieke 
Universiteit Leuven (K. U. Leuven) and the 
International Institute of Tropical 
Agriculture (IITA) and held in Leuven, 
Belgium, November 4-6, 1991; 1993. 

18. Özdemir N, Durmus OTK, Zorba I. Effects 
of some organic materials on bicarbonate 
extractable phosphate content of soils 
having different pH. Eurasian Journal of 
Soil Science. 2016;5(4):294-298. 

19. Soremi AO, Adetunji MT, Azeez JO, 
Adejuyigbe CO, Bodunde JG. Speciation 
and dynamics of phosphorusin some 



 
 
 
 

Adewole and Adebayo; IJPSS, 22(1): 1-7, 2018; Article no.IJPSS.38716 
 
 

 
7 
 

organically amended soils of Southwestern 
Nigeria. Chemical Speciation and 
Bioavailability. 2017;29(1):42-53.     

20. Akande MO, Oluwatoyin FI, Adediran JA, 
Buari KW, Yusuf IO. Soil amendments 
affect the release of P from rock phosphate 
and the development and yield of okra. 
Journal of Vegetable Crop Production. 
2003;9(2):3-9. 

21. Ande OT, Huising J, Ojo AO, Azeez J, Are 
KS, Olakojo SA, Fademi IO, Ojeniyi SO. 
Status of integrated soil fertility 
management (ISFM) in southwestern 
Nigeria. International Journal of 

Sustainable Agricultural Research. 2017; 
4(2):28-44. 

22. Firoz, ZA. Impact of nitrogen and 
phosphorus on the growth and yield of 
okra [Abelmoschus esculentus (L.) 
Moench] in hill slope condition. 
Bangladesh Journal of Agricultural 
Research. 2009;34(4):713-722. 

23. Sharma AR, Mittra BN. Effect of different 
rates of application of organic and nitrogen 
fertilizers in a rice-based cropping 
systems. The Journal of Agricultural 
Science (Cambridge). 1991;117(3):313-
318.

_________________________________________________________________________________ 
© 2018 Adewole and Adebayo; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/23661 


