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ABSTRACT

Aims: To evaluate the effects of organic amendment in the rehabilitation of two moribund cacao
plantations at Ibadan (Oyo State) and Owena (Ondo State) using organic materials that included
Cocoa Pod Husk (CPH) and Neem Leaf powder (NL).

Study Design: The experiment was laid out in a Randomized Complete Block Design in four
replicates with four treatments which were CPH, CPH+NL (90:10), CPH+NL (80:20) and untreated.
Place and Duration of Study: Cocoa plantations at Ibadan and Owena, Nigeria between May,
2014 and Dec 2017.

Methodology: Initial soil sampling was done. Organic materials were applied to eight cacao trees
in a ring at the base of trees in treated plots at the beginning of the rains in April/May and
August/September. The treatments are: CPH Only @ 0.5 kg/tree, CPH Fortified with Neem Leaf
(90:10) @ 0.45 kg + 0.05 kg/tree, respectively, CPH fortified with Neem Leaf (80:20) @ 0.40 kg +
0.10 kg/tree respectively. No application (control treatment).

*Corresponding author: E-mail: omookeniyi@gmail.com, michae_okeniyi@yahoo.co.uk;
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from the two plantations.

Results: Eleven fungi species assigned to seven genera were recovered across the treatments.
Organic amendments significantly (p<0.05) increased soil mineralization, microbial populations and
pod production. After the second year of applications, CPH had the highest percentage of pod
production over the control (64%) in Ibadan, while in Owena, CPH, CPH+NL (80:20) and CPH+NL
(90:10) had percentage pod increase of 68, 64 and 63%, respectively, over the control. Organic
materials had significant (p<0.05) effect in raising the soil pH in the two locations from 6.41 to 6.82
in Owena and from 6.50 to 6.89 in Ibadan, compared to untreated soil.

Conclusion: The use of organic amendments in the rehabilitation of old and moribund cocoa (near
death), improved soil nutrients as well as increased pod production and the microbial populations

Keywords: Cocoa pod husks; neem; fungi; soil nutrient; yield.

1. INTRODUCTION

Cocoa pod husks (CPH) is one of the major
wastes being generated annually in cocoa farms
in Nigeria with about 800,000 tonnes [1] On dry
basis, about 60% of cocoa pod is made up of
husks [2]. Research efforts of turning waste into
wealth have led to various attempts of finding
diverse uses for CPH. Cocoa pod husks are
being used as fertilizer and soil amendment to
suppress nematode populations in cocoa soils
[3,4]. Currently in part of Africa, several studies
carried out revealed that plant derived ash
including those of wood and CPH increased
NPK, Ca, Mg, soil pH and yield of vegetables,
rice, millet, maize and tomato [5,6,7,8,9,10].
Neem products, including leaf, seed kernel, seed
powder, seed extracts, oil, saw dust and
particularly oil cake, have been reported as
effective for the control of several nematode
species [11,12,2,10].

Neem constituents, such as nimbin, salanin,
thionemone, azadirachtin and various flavonoids,
have nematicidal effects; triterpene compounds
in neem oil cake inhibit the nitrification process
and increase available nitrogen for the same
amount of fertilizer.

Soil is a most precious natural resource and
contains the most diverse assemblages of living
organisms. Indigenous microbial populations in
soil are of fundamental importance for ecosystem
functioning in both npatural and managed
agricultural soils [13,14] because of their
involvement in such key processes as soil
structure formation, organic matter
decomposition, nutrient cycling and toxic removal
[14]. The community of soil flora and fauna is
influenced directly or indirectly by management
practices, for example cultivation and application
of organic and inorganic fertilizers [15,16] Soll
management to provide ecosystem services

81

while simultaneously maintaining or enhancing
soil quality is a key to sustainably managed agro
ecosystems [17]. This research was undertaken
to determine the effects of cocoa pod husk and
neem leaf on soil fertility and microbial
populations.

2. MATERIALS AND METHODS

The experiment was conducted both in Ibadan
(Lat 7°10° N, Longitude 3°52’ E) and Owena (Lat
7° N, Longitude 5°70’ N). Cocoa plantations less
than 40 years of age, having more than 825 trees
per hectare with yield more than 400 kg per
hectare were selected in Ibadan and Owena.

2.1 Collection and Processing of Organic
Material

The organic materials: Cocoa pod husk (CPH)
and Neem leaf (NL) used for this experiment
were collected from fermentary unit of Cocoa
Research Institute of Nigeria, Ibadan. Fresh and
uninfected cocoa pods were dried and milled to
pass through 4 mm sieve before application into
the soils in plastic cups. The nutrient content of
cocoa pod husk and neem leaf were determined.

2.2 Field Experimentation and Design

The experiment was laid out in a randomized
complete block design (RCBD) with four
treatments replicated 3 times. Organic materials
were applied in a ring at the base of trees in
treated plots at the beginning of the rains in
April/lMay and August/September, while trees
receiving no application served as control.

The treatments were:
CPH at 0.5 kg/tree.

CPH fortified with Neem Leaf (90:10) at 0.45 kg
+ 0.05 kg/tree, respectively.



CPH fortified with Neem Leaf (80:20) at 0.40 kg
+ 0.10 kg/tree, respectively.

No application (Control treatment)

2.3 Microbiological Analysis of Soil

Soil samples were taken from the rhizosphere of
moribund (near death) cocoa trees at 0-25 cm
deep. The soil sample was collected separately
per plot marked for each treatment. Two hundred
and fifty gram (250 g) of the soil samples were
used for microbiological analysis, while the
remaining samples were air dried and sieved for
the determination of soil physico-chemical
properties, and for assessing the effect of
organic amendments on the diversity of soil
microbial populations. Microbial isolation and
estimation using soil plate method [18] were
carried out with rose bengal agar media
supplemented with streptomycin sulphate. Media
was prepared according to the composition and
sterilized in autoclave. Microorganisms were
counted using plate and serial dilution methods
and the inoculated plates were incubated at 25°C
along 5-7 days. The colony forming unit were
counted and expressed as CFU g of soil on a
moisture free basis after incubation. Fungi were
identified according to their macroscopic and
microscopic features. Identification at the species
level was carried out according to the
morphological characters found principally in
publications by [19,20]. Pure cultures of fungi
were maintained in test tubes slants containing
Czapex Dox agar medium [21] and preserved in
deep freezer at 20°C.

2.4 Soil Physico-chemical Properties

The pH of the soil samples was taken using an
electronic digital pH meter in 1:5 soil water
suspension. The moisture content of the soil
samples were determined gravimetrically in hot
air oven at 105°C for 24hrs and then reweighed.
The method [22] was used for Organic carbon
determination. Total Nitrogen (N), available
phosphorus (P) and exchangeable potassium (K)
were determined by Kjedahl distillation [23],
molybdenum blue method [24] and Flame
photometer method [23], respectively.

2.5 Application of Organic Material and
Nutrient Release Pattern

The organic materials were applied around the
base of the trees using plastic cups. The nutrient
release pattern was assessed at 2-weeks’
interval for the first one month and at one month
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interval for another four months to give six
sampling / incubation periods. N mineralised was
determined by micro-Kjedahl method. P
mineralised was extracted from the incubated
samples using Bray P1 method. The available P
in the filirate was determined colorimetrically by
molybdenum blue method. K mineralised was
extracted with 1 N NH4OAc at pH 7.0. The K in
the filtrate was determined by flame photometer.
The pH was determined in water (1:2 Soil: water
ratio). The extract was shaken and a pH meter
with glass electrode used to measure the pH as
described by Jackson [25].

2.6 Data Collection

The experiment was monitored for three years.
Data were collected on number of pods
harvested per tree for two years. Soil was
sampled every four months to determine the
effect of amendments on microbial populations
and soil nutrient mineralization.

2.7 Data Analysis

Data were subjected to Analyses of Variance and
means separated using the Duncan Multiple
Range Test (DMRT) with SAS-SNK test at 5%
level of significancy.

3. RESULTS

The initial physical and chemical analysis of soil
samples collected from the two locations
before the application of treatments showed that
the soil texture in the locations were sandy loam
which is ideal for cocoa. The soil Nitrogen, P and
K were less than the normal value as
established.

The result of nutrient composition analysis of
both the CPH and NL showed that NL is high in
nitrogen than CPH, but with more Ca and K in
CPH than in NL (Table 2).

3.1Isolated Fungi Species from Cocoa
rhizosphere

Eleven fungi species assigned to 7 genera were
recovered from the two locations. The species
recovered were; Aspergilius niger, Aspergilius

flavus, Rhizopus solonifer, Arthrobotrys
conoides, Trichoderma harzianum, Trichoderma
viride,  Paeciliomyces lilacinus, Verticillium

chlamydosporium,  Penicillium glabrum and
Penicillium digitatum. Penicillium glabrum was
only recovered in Owena soil.
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Table 1. The physical and chemical properties of Ibadan and Owena soils prior to the
application of CPH and NL

Soil properties Ibadan (Values) Owena (Values)
Physical properties
Sand (%) 66 82
Silt (%) 24 12
Clay (%) 10 6
Textural class Sandy loam Sandy loam
Chemical properties
pH 6.00 5.38
Organic carbon(g kg™') 2.20 3.56
Organic matter 0.55 0.61
N (g kg”) 0.47 0.60
P (mg kg™ 4.11 5.12
Exchangeable bases
K (cmol (+) kg™) 0.22 0.25
Ca (cmol (+) kg™) 0.45 0.60
Mg (cmol (+) kg™) 1.23 1.28
Na (cmol (+) kg™) 0.63 0.76
Mn (cmol (+) kg™) 0.06 0.07
Exchangeable acidity (cmol (+) kg™)

Al 5.56 5.73
H 3.40 3.73
EC 5.13 5.22
Base Saturation 82% 84%

Table 2. Nutrient composition of Cocoa Pod 3.3 Effects of Organic Amendments on

Husk (CPH) and Neem Leaf (NL) used as Nutrients Mineralization
organic materials to rehabilitate cocoa soil at

Ibadan and Owena, Nigeria The nutrient release pattern of CPH and NL

showed that soil N mineralization (0.26 kg'1) was

Nutrient contents CPH NL significantly (P<0.05) reduced in the CPH

N (g kg-1) 11.2 26.7 treatment when compared with the control (0.51

Organic carbon 236.2 120.1 gkg') in Ibadan soil. For Owena soil, N

(g kg-1) mineralization also followed a similar trend with

CPH being significantly (P<0.05) reduced (0.27

CIN 211 4.5 gkg'1 and 0.28 gkg'1), respectively, at two months
P (g kg-1) 1.4 4.5 after  application.  Nitrogen release was
K (g kg-1) 38.6 24.0 significantly (P<0.05) higher from the eight
Ca (g kg-1) 3.1 1.8 months after application (MAA) in all the
Mg (g kg-1) 1.7 2.4 treatments containing CPH when compared to
Zn (mg kg-1) 25.0 50.0 the untreated plots. Also at 16 MAA the N
M (mg kg-1) 340 200 oriiied CPH were signifoantly (P<0.09)
_ -fortifi w ignifi y (P=<O0.
(F:e (mg kkg 11) ggg ggg higher than the untreated soil in Ibadan and
u (mg kg-1) - : Owena (Fig. 4). At 16 MAA, the N

B (mg kg-1) 1.8 1.7 mineralized in the soil treated with

CPH, CPH+NL (80:20), CPH+NL (90:10),
3.2 Effect of Organic Amendments on were significantly (P<0.05) higher than those
Fungi Population of control soil.

The application of the organic amendments in From the result Phosphorus released by
the two locations significantly increased the CPH+NL (90:10) was significantly higher than all
population of fungi above the initial populations other organic materials at 2 MAA (Fig. 5).
compared to the control (Figs. 1, 2 and 3). Generally, the organic materials released higher
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Fig. 1. Effect of CPH on fungi populations from cocoa soil at Ibadan (IB) and Owena (OW),
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Fig. 2. Effect of CPH + NL (90:10) on fungi populations from cocoa soil at Ibadan (IB) and
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Fig. 3. Effect of CPH + NL (80:20) on fungi populations from cocoa soil at Ibadan (IB) and

Owena (OW), Nigeria
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Fig. 4. Effect of organic amendment on Nitrogen mineralisation from two to twenty months
after application (MAA) on cocoa soil at Ibadan (IB) and Owena (OW), Nigeria

Fig. 5. Effect of organic amendment on Phosphorus mineralisation from two to twenty Months
after Application (MAA) on cocoa soil at Ibadan (IB) and Owena (OW), Nigeria

amount of P in comparison to control as from 12
MAA. Neem leaf-fortified CPH gave higher P
release as from 12 MAA up till 20 MAA. The P
released by CPH (6.38 mg kg-1 soil) and
CPH + NL (80:20) (6.39 mg kg-1 soil) at 20
MAA was significantly  (P<0.05) higher
than P released by other organic materials
(Fig. 5).

Amount of K released from all the organic
materials was significantly (P<0.05) higher in
comparison with the control at 2, 8, 16 and 20
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MAA from the treated soil of Ibadan. CPH
applied alone and neem fortified CPH
significantly (P<0.05) enhanced K release at 2, 4
and 16 MAA (Fig. 6). At 20 MAA, CPH+NL
(90:10) significantly released more K than all the
other organic material treatments. Soil treated
CPH + NL (90:10) significantly (P<0.05) released
K more than CPH + NL (80:20). Amount of P
released from all the organic materials were also
significantly (P<0.05) higher when compared to
the untreated plot at 2, 8, 16 and 20 MAA from
the treated soil of Owena (Fig. 6).
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Fig. 7. Effect of organic amendment on soil Ph from two to twenty Months after Application
(MAA) on cocoa soil at Ibadan (IB) and Owena (OW), Nigeria

3.4 Effect of Organic Amendment on Soil
pH

The application of  organic materials
significantly (P<0.05) raised the pH of
the soil to the optimum in the two locations
when compared to that of the control

(Fig. 7).
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3.5 Effects of Organic Amendments on
Pod Production

The application of organic material significantly
(P<0.05) increased the pod production of
moribund cocoa in CPH, CPH+NL (80:20),
CPH+NL (90:10) from 40, 39 and 39 pods in
2012 to 64, 61, 60 pods, respectively,
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Fig. 8. Effect of organic amendment on yield two Years after Application (YAA) on cocoa
soil at Ibadan (IB) and Owena (OW), Nigeria

in 2013 in Ibadan. Pod production from Owena
moribund cocoa trees in CPH, CPH+NL (80:20),
CPH+NL (90:10), also recorded an increase in
number from 47, 43 and 43 in 2012 to 68, 64 and
63 in 2013, respectively, when compared to the
untreated plot (Fig. 8).

4. DISCUSSION

The initial results from the study prior to the
application of organic amendments showed that
the soil from the two locations were ideal for
cocoa in terms of the physical properties and
textural class, but are deficient in N, P and K.
Egbe [26] reported that the standard value of N,
P and K requirement ideal for cocoa is N = 0.9
g/kg, P = 10 mg/kg and K = 0.3 cmol/kg. This
could be responsible for the low yield (less than
20 pods per tree) as experienced before the
application of organic amendments. The CPH
and neem leaf nutrient composition analysis
showed that neem leaf has more N content than
CPH that have more Calcium and Potassium.
This result is similar to the reports of Ipinmoroti
[27], Adeoye et al. [28] and Oguntuga [29] which
showed that neem leaf has more nitrogen
content than CPH. The application of organic
amendments increased the population of fungi
above the initial populations in this experiment.
This finding is in line with the works of Main et al.
[30], who reported that the application of organic
amendment to the soil increased the microbial
diversity and numbers. The application of organic
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amendment also significantly increased the
mineralization of Nitrogen, Phosphorus and
Potassium. This result is similar to the findings of
Ladd [31], Azam et al. [32] and Smith and
Sharply [33] that posited that when low nitrogen
crop residues are buried in the soil, nitrogen is
immobilized, but high nitrogen containing
residues improve N mineralization. Minimum
residue N contents of 1.5 to 1.7% (C/N ratios of
25 to 30) have been suggested to supply the
need of soil microbes during crop residues
decomposition [34]. The results obtained in this
study corroborate this trend. The higher nitrogen
released in soil treated with CPH as from eight
weeks after incubation compared to the control
suggests re-mineralization of nitrogen
immobilized at the start of incubation which has
been retained in organic forms of N biomass and
liberated thereafter when  decomposition
progressed. The reduced Nitrogen mineralization
observed in the untreated soil, might be due to
immobilization of nitrogen released from soil
organic matter. Fortification of CPH with neem is
a release precursor for nitrogen. This was similar
to the report of Ogunlade et al. [2] when
pacesetter grade B organic fertilizer was fortified
with neem leaf powder. The beneficial effects of
organic incorporation have been generally
considered to be due to increase in soil nutrients,
improvement in soil physical and chemical
properties [35,36,37]. Therefore, the increase in
pod production and yield could be attributed to
the effects of organic amendment on microbial



populations, soil nutrient replacement and good
agricultural practices such as regular weeding
and prunning.

5. CONCLUSION

Application of organic amendments to an old and
moribund cocoa plantation, not only improves the
mineralization of nutrients, but also increases
yield and beneficial soil microbial populations.

ACKNOWLEDGEMENTS

The authors acknowledge the Executive Director
and the Management staff of Cocoa Research
Institute of Nigeria for providing the fund needed
for the execution of this project and also the field
officers for their assistance during data
collections.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ayeni LS, Adetunji MT, Ojeniyi SO, Ewulo
BS Adeyemo AJ. Comparative and
cumulative effect of cocoa pod husk ash
and poultry manure on soil and maize
nutrient contents and yield. Am-Eurasian
Journal Sustain Agriculture. 2008;2(10):92-
97

2. Ogunlade MO, Gideon OA, Olajide F,
Joseph SO. Studies on nutrient release
pattern of neem fortified cocoa pod husks
fertilizer in an Alfisol. Journal of Tropical
Soil. 2012;17(3):129-134.

3. Orisajo SB, Fademi OA. Influence of
Neem-fortified cocoa pod husks sail
amendment on Meloidogyne incognita in
cocoa. African Scientist. 2005;6(3):125-
128.

4. Ogunlade MO, Adeoye GO, Fademi OA.
Nematode population and cocoa seedling
establishment as influenced by cocoa pod
husk fertilizer. Proceedings of the 43"
Annual Conference of the Agricultural
Society of Nigeria, Abuja. 2009;1029-1032.

5. Ojeniyi SO, Oso OP, Arowotolu AA.
Response of vegetables to wood ash
fertiliver.  Proceedings 35"  Annual
Conference of Agricultural Society of
Nigeria. 2002;39-43.

6. Ojeniyi SO, Adejobi KB. Effect of ash and
goat dung manure on leaf nutrient

Okeniyi et al.; JSRR, 26(2): 80-89, 2020; Article no.JSRR.55432

88

10.

11.

12.

13.

14.

15.

composition, growth and yield of
Amaranthus. Nigerian Agricultural Journal.
2002;33:46-57.

Odedina SA, Odedina JN, Ayeni SO,
Arowojolu SAA, Adeyeye SD, Ojeniyi SO.
Effect of types of ash on soil fertility
nutrient availability and yield of tomato and
pepper. Nigerian Journal of Soil Science.
2003;13:61-62.

Adejobi KB, Famaye AO, Akanbi OSO,
Adeosun SA, Nduka AB, Adeniyi DO.
Potential of cocoa pod husk ash as
fertilizer and liming materials on nutrient
uptake and growth performance of cocoa.
Research Journal of Agriculture and
Environmental Management. 2013;2(9):
243-251

Ayeni LS. Effect of cocoa pod ash, NPK
fertilizer and their combinations on soll
chemical properties and yield of tomato
(Lycopersicon lycopersicum) on two soil
types. New York Science Journal 2010;
3(4).

Okeniyi MO, Orisajo SB, Afolami SO,
Enikuomehin AO, Popoola AR, Aiyelaagbe
I00. Assessment of wheat crop coefficient
using remote sensing techniques. World
Research Journal of Agricultural Sciences.
2015;1(2):12-16.

Egunjobi OA, Afolami SO. Effect of Neem
(Azachdirachta indica) leaf extract on
population of Pratylenchus brachyurus on
the growth and yield of maize.
Nematologia. 1976;22:125-132.

Akhtar M. Biological control of plant-
parasitic nematodes by neem products in
agricultural soils. Applied Soil Ecology.
1998;7:219-223.

O’Donnell K, Kistler CH, Cigelnik E, Ploetz
RC. Multiple evolutionary origins of the
fungus causing panama disease of
banana: Concordant evidence from
nuclear and mitochondrial gene
genealogies. PNAS. 1998;95(5):2044-
2049.
Available:https://doi.org/10.1073/pnas.95.5
.2044

Doran JW, Zeiss MR. Soil health and
sustainability: ~ Managing the  biotic
component of soil quality. Applied Sail
Ecology. 2000;15(20 00):3-11.

Bloem J, Lebbink G, Zwart KB, Bouwman
LA, Burgers SLGE, De Vos JA, De Ruiter
PC. Dynamics of micro-organisms,
microbivores and nitrogen mineralisation in
winter wheat fields under conventional and
integrated  management.  Agriculture,



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ecosystem and Environment. 1994;51:
129-143.
Matson PA, Parton AGP, Swift MJ.

Agriculture intensification and ecosystem
properties. Science, New Series. 1997;
277(5325):504-509.

Lal R. Challenges and opportunities in soil
organic matter research. European Journal
of Soil Science. 2009;60:158-169.

Warcup JH. The soil plate method for
isolation of fungi from soil. Nature. 1950;
166:117-118.

Barnett HL, Hunter BB. lllustrated genera
of imperfect fungi. 3™ edition, Burgess
Publishing Co. Minneapolis. 1972;241.
Domsch KH, Gams W, Anderson TH.
Compendium of soil fungi. Academic press
London; 1980.

Raper KB, Thom C. A manual of the
Penicillia. The Wililams & Wilkins
Company, Baltimore; 1949

Anderson JM, Ingram JSI. (Eds). Tropical
soil biology and fertility: A handbook of
methods (2" ed.) Wallingford: CAB
International; 1993.

Jackson ML. Soil chemical Analysis.
Prentice Hall of India Pvt. Ltd., New Delhi.
1973;498.

Allen SE, Grimshaw HM, Parkinson JA,
Quarmby C. Chemical analysis of
ecological materials. Oxford: Blackwell
Scientific; 1974.

Jackson ML. ASA Monograph No. 9
Methods of Soil Analysis. 1965;45.

Egbe NE, Ayodele EA, Obatolu CR. Soils
and nutrirtion of cocoa, coffee, kola,
cashew and tea. In progress in tree crops

research in Nigeria. 2" Ed. Cocoa
Research Institute of Nigeria, Ibadan.
1989;27-38

Ipinmoroti RR. A study on the recovery of
mineral nutrients from common farm waste
and their effects on crop growth. MSc
project University of Ibadan. 1997;81.

Adeoye GO, Shridhar MKC, Ipinmoroti RR.
Potassium recovery from farm wastes for

Okeniyi et al.; JSRR, 26(2): 80-89, 2020; Article no.JSRR.55432

29.

30.

31.

32.

33.

34.

35.

36.

37.

crop growth. Communication in Soils and

Plant Annal. 2001;32(15,16):2347-
2358.
Oguntuga DBA. Some physical and

chemical characteristics of the pod husks
of F3 Amazon, Trinitario and Amelonado
Cacao. Nigerian Journal of Agricultural
Science. 1975;8:115-120.

Main IH, Godoy G, Rodriguez-kabana R,
Morgan-Jones G. Chitin amendments for
control of Meloidogyne arenaria infested
soil. Nematotrpica. 1982;12:71-84.

Ladd JN. The use of N in following
organic matter turnover with specific
references to rotation systems. Plant Soil.
1981;58:407-411.

Azam F, Malik KA, Sajjid MI.
Transformations in soil and availability to
plants of °N applied as inorganic and
legumes residues. Plant Soil. 1985;86:3-
13.

Smith SJ, Sharpley AN. Soil nitrogen
mineralization in the presence of surface
and incorporated crop residue. Agronomy
Journal. 1990;82:112-116.

Smith JL, Elliot LF. Tillage and residue
management effects on soil organic matter
dynamics in semi arid regions. In: RP
Singh, JF Parr and BA Stewart (Eds).
Advances in Soil Science American
Society of Agronomy. Madison, Wisconsin.
1990;69-85.

Huang HC, Huang J W. Prospect for
control of soil-borne plant pathogens by
soil amendments. Current Topics in Botany
Research. 1993;1:223-235.

Hungalle N, Lal R, Terkule CHH.
Amelioration of physical properties by
Mucuna after mechanized land clearing of
a ftropical rainforest. Soil Science. 1986;
141:219-224.

Kang BT, Wilson GF, Sipkens L. Alley
cropping maize (Zea mays) and leucaena
(Leucaena leucocephala) in Southern
Nigeria. Plant and Soil. 1981;63:165-
179.

© 2020 Okeniyi et al.; 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. sdiarticle4.com/review-history/556432

89



