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ABSTRACT

A laboratory experiment was carried out at Cocoa Research Institute of Nigeria, Ibadan to evaluate the nutrient
release pattern of neem fortified cocoa pod husk developed for uggagdertilizer materials. Cocoa Pod Husk
(CPH), Neem Leaf (NL), Neem Seed (NS), CPH + NL (90:10), CPH + NL (80:20), CPH + NS (90:10) and CPH +
NS (80:20) were separately applied at the rate of 100 kg't@m50 g soil placed in plastic cug$here were six
sampling periods (2, 4, 8, 12, 16, and 20 weeks) after treatment application. Soil N (Kjeldahl), P (BrayN\L), K (1
NH,OAc pH 7) and pH (soil:water ratio 1:2) were determined at each sampling geveocesult showed that the
organic materials had significanfeét in raising the pH of the soils compared to unamended soil. Neem fortified
CPH significantly (P < 0.05) increased nitrogen release higher than control at 8, 12 and 16 weeks after application.
Phosphorus release was significantly higher in soil treated with CPH, NL, NS and neem fortified CPH than the
control at 20 weeks after application. CPH and neem fortified CPH enhanced K release better than NL and NS
applied separately across the incubation periods. Neem leaf and seed powder with higher N content than CPH is a
precursor of N- release into the soil shortly after incorporation.
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INTRODUCTION that if a farmer harvested 400 kg of dry cocoa beans
per hectare from his farm he would have generated

Cocoa pod husk (CPH) is one of the major 600_kg of dry_cocoa pod husk. Resear_cfbreff of
wastes being generated annually in cocoa farms irfurning waste into wealth have led to various attempt
Nigeria. Ayeni et al. (2008) showed that about Of finding diverse uses for cocoa pod husks. Cocoa
800,000 tonnes of cocoa pod husk are generate@0d husks are being used as fertilizers and soil
annually in Nigeria and are often wasted. Harvestedamendm_ent to suppress nematode population in
cocoa pods are collected at a central location withincocoa soils (Ogunlade 2008, Ogunlatial.2009).
the cocoa farm, where pods are broken, cocoa beangeveral studies have indicated that the efficiency
removed and husks discarded as waste and this is @ Nitrogen fertilizer particularly under tropical
potential source of pathogen like black pod diseaseconditions hardly exceeds 50% (Rayar and Bello
since the pod harbouPhytophtora palmivorghe 1990). This is due to the fact that Nitrogen is often
causal fungus of the disease. It was advised thatost through leaching especially from nitrate
husk be burnt into ash as a method of farm sanitatiorfontaining fertilizer (Rayar 1989Fhis situation
and for the control of these disease. On dry basigvarrants ugent need to increase the usicegncy
about 60% of cocoaTheobopma cacad pod is of this nutrient amongst other nutrient elements
made up of the husk (Ogunladeal. 2011). This ~ when they are applied to the soilWith the
implies that cocoa pod husk being generated inescalating cost of fertilizers compounded with their
cocoa farms is even about 20% more than the dryunavailability during the growing season, it

cocoa beans normally realized. It therefore follows becomes increasingly important that an alternative
affordable by farmers, with a view to achieving the

maximum output per unit area of land becomes very
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Neem @zadiracta indical) products asa Perchloric acids wet digestion method by weighing
means of retarding nitrification have received some0.5 g of the material into a digestion beaHRerthis
attention by researchers. Rayar and Bello (1990)was added 5 ml of nitric and 2 ml of perchloric
used neem products to retard nitrification which acids.Then 2 ml of sulphuric acid was also added
resulted in marked increase in Nitrogen useto ensure the digest did not dry up under fume
efficiency. Moreoverthere is dearth of information cupboardThe digest was transferred to a 100 ml
on the nutrient release pattern of CPH when usedvolumetric flask after cooling down and made up
solely or in combination with other ganic to mark with distilled watetFrom the digest ®as
materials. Incorporation of high C/N residues will determined using/anado-Molybdate method
deplete the soil supply of soluble nitrogen, causingcolorimetrically; K and Ca were determined using
plants to suer from nitrogen deficiency (Allison  flame photometer with appropriate filter while Mg,
1973). The decay of ganic materials can be Cu, Zn, Mn and Fe were determined on a Perkin
delayed if suicient nitrogen to support microbial ElmerAtomic Absorption Spectrophotometer
growth is neither present in the material ugdarg Nitrogen in the samples was determined using
decomposition nor available in the soil solution Kjeldahl procedure. Each of theganic materials
(Brady 1990). No creature can multiply or grow was separately applied to the soil in the plastic cups
on carbon alone. @anisms must also obtain at the rate of 100 kg N RaWater was applied to
sufficient nitrogen to synthesize nitrogen-containing each of the cups at 60% field capaciyatering
cellular components, such as amino acids, enzymesyas done twice weeklyhe nutrient (NPK) release
and DNA (Haynes 1986). pattern was assessed at 2- weeks’ interval for the

The objective of this study therefore was to firstone month and at one month interval for another
evaluate nutrient release pattern of CPH four months to give six sampling / incubation
incorporated into the soil solely or in combination periods.

with neem which has higher nitrogen contents. Total Nitrogen mineralised was determined by
micro-Kjedahl methodAvailable Phosphorus
MATERIALSAND METHODS mineralised was extracted from the incubated
samples using Bray P1 methddhe available fh
Sudy Site and Preparation the filtrate was determined colorimetrically by

molybdenum blue method. K mineralised was
A laboratory experiment was conducted at the extracted with N NH,0OAc at pH 7.0The K in the
Cocoa Research Institute of Nigeria, Ibad®fop fjltrate was determined by flame photomef&re
soil collected from cocoa plots was sieved with hH was determined in water (1:2 Soil: water ratio).
2 mm sieve and 50 g of the soil was weighed andthe extract was shaken and a pH meter with glass

filled into plastic cups of 50 g each for incubation glectrode used to measure the pH as described by
studies. The organic fertilizer materials used for this jackson (1965).

experiment were collected fresh, dried and milled
to pass through 4 mm sieve before application intoStatistical Analysis
the soils in plastic cupsThey included the
following: Cocoa Pod Husk (CPH), Neem Leaf
powder (NL), Neem Seed powder (NS), CPH + NL
(90:10), CPH + NL (80:20), CPH + NS (90:10) and
CPH + NS (80:20)These oganic materials in
addition to a control (without organic material
addition) gave eight treatments. The treatments
were replicated three times to give a total of 24
treatmentsThere were a total of 144 plastic cups

('H.e' 24 tre_atmef?:]s 124'“?”@“0” periods) used ferH was slightly acidicThe soil N, Fand K contents
this experimentThe plastic cups were arrange were less than the critical values established as N =

in a completely randomized desigrhree plastic g g kg, P = 10 mg kg and K = 0.3cmol (+) kg
cups were withdrawn per treatment at the end of¢, coc0q (Egbet al. 1989).The nutrient content

each incubation period for chemical analysis. 4 the oganic materials used in this experiment are
Chemical Analysis presented ifable 2.The nitrogen contents of NL
and NS was more than twice that of CPHe
The nutrient contents of each of thgamic  phosphorus contents were in the order of NS > NL
materials were determined using Nitric and > CPH.The potassium and calcium contents of CPH

Data were statistically analyzed for analysis
of variance (ANOMA) and Duncan Multiple
RangeTest (DMRT) at P< 0.05.

RESULTS AND DISCUSSION
The physical and chemical properties of the

soil used in the experiment are presentetiaible
1. The soil texture was sandy loam while the soil
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Table 1. Some physical and chemical properties manganese and copper contents were in the order

of the soil used. of CPH > NL> NS.The Boron content of NS was
4.0 mg kgt compared to CPH and NL with boron
contents of 1.8 and 1.7 mg-kgespectively

Soil Properties Values
pH 6.00 Sail nitrogen (N)
Organic carbon(g kY 10.10 o _ o
N(g kg?) 0.77 _ _S_0|I nitrogen mineralization (0.27 g Kgwas
P(mg kg" 411 significantly (P < 0.05) reduced in the CPH
g kg) .
K(cmol (+) kg?) 0.9 treatment when compar_ed W|th_the control (Q.57 g
; kg?l) at two weeks after incubationgfile 3).This
Ca(cmol (+) kg? 445 might be due to immobilization of nitrogen released
Mg(cmol (+) kg') 1.23 from soil oganic matterReports have also shown
Na(cmol (+) kg) 0.13 that when low nitrogen crop residues are buried in
Exchangeable Acidity (cmol (+) Ky 0.73 the soil, nitrogen is immobilised, but high nitrogen
Zn(mg kg") 5.56 containing residues improve N mineralization (Ladd
Cu(mg kg* 6.40 1981;Azamet al. 1985; Smith and Sharply 1990).
Mn(mg kg% 18.90 Minimum residue N contents of 1.5 to 1.7% (C/N
Fe(mg kg) 5.83 ratios of 25 to 30) have been suggested to supply
B(mg kg“) 0.37 the need of soil microbes during crop residues
Sand (%) 60 decomposition (Allison 1973; Smith and Eliott
Silt (%) 24 1990).The results obtained in this study corroborate
Clay(%) 16 this trend.The higher nltrogen' released in soil
Texture Sandy Loam 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 igaoic
forms of N biomass and liberated thereafter when
decomposition progressedt 16 WAI, the N
mineralized in the soil treated with NL, NS, CPH
and neem-fortified CPH were significantly (P <
0.05) higher than those of control soil. Fortification
of CPH with neem is a release precursor for
nitrogen.This was similar to the report of Ogunlade
et al (2006) when pacesetter grade Bjamic
fertilizer was fortified with neem leaf powder

were higher than those of NL and NS. Of all the
three oganic materials, Mg content of Nkas the
highest. The high K content of CPH has been
reported and this made CPH a good source of K
supply for high K demanding crops (Ipinmoraoti
1997; Adeoyeet al 2001).The Ca content was
highest in CPH. Oguntuga (1975) gave similar
report on chemical constituents of cocoa pod husks.
Neem leaf and NS had similar Ca contents.

The zinc and iron contents of theganic
materials were in the order of NS > NL > CPH while

Table 2. Nutrient contents of theganic materials

Nutrient contents CPH NL NS

N (g kgh) 11.2 26.7 25.0
Organic carbon (g kb 236.2 120.1 144.6
CIN 21.1 4.5 5.8
P (g kg") 1.4 1.9 2.1
K (g kg™ 38.6 24.0 21.0
Ca (g kg") 3.1 1.8 1.7
Mg (g kg") 1.7 2.4 1.5
Zn (mg kg') 25.0 50.0 51.0
Mn (mg kg% 34.0 29.0 25.0
Fe (mg kd) 64.0 69.0 70.0
Cu (mg kg 28.0 25.0 23.0
B (mg kg") 1.8 1.7 4.0

CPH = Cocoa Pod Husk, NL= Neem Leaf, and NS= Neem Seed.
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Table 3. Soil N concentrations as influenced hyaaic materials during period of

incubation.
Weeks After Incubation (WAI)

Treatment

2 4 8 12 16 20

g kg

CPH 0.27d 0.33¢c 0.47c 0.23 bc 0.50 abc 0.17 bc
NL 0.70 a 0.67 ab 0.77 ab 0.27b 0.50 abc 0.27 ab
NS 0.60 ab 0.67 ab 0.67 ab 0.38 ab 0.57 ab 0.17 bc
CPH+NL(90:10) 0.43c 0.67 ab 0.73 ab 0.3ab 0.43 bc0.17 bc
CPH+NL(80:20) 0.47 bc 0.76 a 0.70 ab 0.40 a 0.60a 0.33a
CPH+NS(90:10) 0.50c 0.70 a 0.63b 0.30 ab 040c .27 &b
CPH+NS(80:20) 0.50c 0.73 a 0.80 a 0.43a 0.47 ab6.30 ab
Control 0.57 abc 0.53b 0.33c 0.13c 0.23d 0.10c

CPH = Cocoa Pod Husk, NL= Neem Leaf, and NS= Neem $&sahs in the same column followed by the same
letters are not significantly dérent by Duncan Multiple Randgeest (DMRT) at P< 0.05.

Soil Phosphorus Soil Potassium

Phosphorus released was enharipetieem Amount of potassium released from all the
leaf and was significantly higher than all other organic materials was significantly (@ 0.05)
organic materials at 2 and WAI (Table 4).  higher in comparison with the control at 2, 8, 16
Generally the oganic materials released higher and 20WAI (Table 5). CPH applied alone and
amount of P in comparison to control as from 12 neem fortified CPH significantly (P < 0.05)
WAI. Neem leaf-fortified CPH gave higher P enhanced K release better than neem leaf and neem
release than neem seed-fortified CPH as from 12seed powder applied separately at 2, 4 antAb
WAI up till 20 WAI. The Preleased by CPH (6.38 At 20 WAI, CPH + NL (90:10) significantly
mg kg* soil) and CPH + NL (80:20) (6.39 mg released more K than all the otheganic material
kg! soil) at 20WAI was significantly (P< 0.05) treatments.
higher than P released by other organic materials. K release by soil treated with CPH+NS
Though the Rontent of NS was highgnowever (90:10) was not significantly dérent from that
NL treated soil enhanced phosphorus release bettesf CPH + NS (80:20) across all the incubation
than all other treatments including control. periods except atWAI where CPH + NS (80:20)

released was significantly (P < 0.05) higher K

Table 4. Soil Pconcentrations as influenced byganic materials during period of

Incubation.
Treatment Weeks After Incubation (WAI)
2 4 8 12 16 20
mg kg*

CPH 490b 412b 6.05c 5.82 a-c 5.71ab 6.38 a
NL 7.28a 5.37a 7.15a 6.28 a 6.19 a 6.17b

NS 5.16 b 3.13d 4.99d 5.96 ab 5.79 ab 4.84d

CPH+NL(90:10) 4.66 b 2.90d 6.79 ab 6.14 a 599a 5.87c
CPH+NL(80:20) 5.27b 3.85 bc 6.91 ab 6.30 a 6.16 a 6.39 a
CPH+NS(90:10) 4.83b 3.89 bc 6.22 bc 5.61 bc 5.43 bc 436 e
CPH+NS(80:20) 5.02b 3.38cd 3.90e 5.35¢ 5.21c 3.31f

Control 3.89b 2.84d 3.32e 4.83d 4.52d 3.08¢

CPH = Cocoa Pod Husk, NL= Neem Leaf, and NS= Neem $gahs in the same column followed by the same
letters are not significantly dérent by Duncan Multiple Rangeest (DMRT) at P< 0.05.
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Table 5. Soil K concentrations as influenced lyaoic materials during the period of

incubation.
Weeks After Incubation (WAI)
Treatment
2 4 8 12 16 20
cmol kg*

CPH 0.30b 0.25c 0.36b 0.33a 0.40 a 0.31d
NL 0.24c 0.16 d 0.29c 0.26b 0.32b 0.30d
NS 0.20d 0.10e 0.24d 0.21c 0.26¢c 0.22 e
CPH+NL(90:10) 0.32b 0.34 a 0.49a 0.35a 0.41a 0.49a
CPH+NL(80:20) 0.38 a 0.32 ab 0.36b 0.26 b 0.42 a 0.45b
CPH+NS(90:10) 0.30b 0.27c 0.33 bc 0.32a 0.40a 0.34c
CPH+NS(80:20) 0.31b 0.30b 0.32 bc 0.34a 0.39a 0.32 cc
Control 0.13e 0.12e 0.15e 0.28b 0.19d 0.14f

CPH = Cocoa Pod Husk, NL= Neem Leaf, and NS= Nee

m $ehs in the same column followed by the same

letters are not significantly dérent by Duncan Multiple Rangest (DMRT) at P< 0.05.

(0.30 cmol (+) kg soil) than CPH+NS (90:10)
which released 0.27 cmol (+) kgoil. At 8, 12
and 20WAI, CPH + NL (90:10) significantly (P

< 0.05) released K more than CPH + NL (80:20).

effect of CPH fortified with neem leaf powder and
neem seed powder on pH did not follow this trend.
CPH + NL (90:10) and CPH + NL (80:20) treated
soils had significantly higher pH values than all other

The higher K release observed in soils treateclfertilizer materials at 20/Al. The higher soil pH of

with CPH was probably due to higher K contents
of CPH.The sharp increase at Y@Al may be
due to greater decomposition that must have take
place.

Soil pH

pH of the soils treated with the different organic
fertilizers were significantly increased compared to
the control as from WAI except at 12WAI when

the amended soil than the control treatment at each
period of pH determination was probably due to the
nsupply of basic cations into the system by the
mineralization of the organic materials. Obatolu
(1991), Oladokun 1986 and Lat al. (1980)
reported similar trend.

CONCLUSIONS

Neem-fortified Cocoa Pod Husk enhanced

soil treated with neem seed and the control had pHyjitrogen mineralization better than non-fortified

values that were not significantly fiifent (Table

Cocoa Pod Husk during the first eight weeks of

NS across the incubation periods. Howevbe

N content than Cocoa Pod Husk is a precursor of

Table 6. Soil pH as influenced by theyanic materials during the period of incubation.

Treatment

Weeks After Incubation (WAI)

2 4 8 12 16 20
CPH 6.30 a 6.14 e 6.32e 6.26d 6.26 c 5.88 ¢
NL 6.15¢ 6.15e 6.56 c 6.32¢ 6.32 bc 5.90c
NS 5.66 e 5.95 f 6.32e 6.00 e 6.13d 5.73d
CPH+NL(90:10) 6.52 a 6.26 c 6.51d 6.40b 6.41b 02&
CPH+NL(80:20) 6.51a 6.46 b 6.60 b 6.41b 6.40b 02&
CPH+NS(90:10) 6.23 bc 6.50 a 6.65 a 6.54 a 6.55a .886
CPH+NS(80:20) 6.18 c 6.22d 6.29 f 6.26 d 6.25¢c 98%
Control 5.85d 5.72h 5.61¢g 5.93e 594 e 554 ¢

CPH = Cocoa Pod Husk, NL= Neem Leaf, and NS= Neem S&sahs in the same column followed by the

same letters are not significantlyfdifent by Duncan Mu

ltiple Rangest (DMRT) at P< 0.05.
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i Ibadan. 276 pp.
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