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Abstract

In this study was investigated the effect of manure
and cocoa shell biomass addition on soil chemical
properties and microflora, when the above mentioned
organic materials areused in different proportions in
soil mixtures. For this reason different amounts (0.2,
0.4, and 0.69) of air dried cocoa beans residue, were
mixed with 50g of soil and 5.0g of manure. The
control mixtures that contained only soil and manure
as well as the mixtures which contained different
amount of cocoa shells, were placed in incubator at
28°C for a period of 21 weeks. The organic matter
and the concentration of nutrient elements in the soil,
manure, cocoa shells biomass and in their mixtures,
were measured bhefore and after the incubation
period. The results showed that the addition of more
than 1% of cocoa shell biomass to soil-manure
mixtures, may influence the mineralization of N, C
and K, and reduce the time needed for mixtures
maturation. The higher organic P content measured
in mixtures contained lower than 1% cocoa shell
biomasswhere the microbial activity was still high.
However the concentration of the available P was not
affected from the addition of cocoa shell biomass to
the soil-manure mixtures.

Keywords : Organic waste, cocoa residue, soil
microflora, biodegradation, soil mixtures, organic
matter, mineralization

I. INTRODUCTION

The intensive crop production systems leads
to the uncontrolled disposal of agricultural waste and
the excess use of nutrients in order to achieve high
yields. However, the recycling of nutrients as organic
soil amendments can lead to the sustainable use of
agricultural waste and may become a practice with
economic and environmental benefits [1], [2], [3], [4].
The application of organic materials as soil
amendments, can improve soil quality characteristics
and increase nutrients availability  through
mineralization of N and C, as well as the
immobilization of the added materials[5], [6], [7], [8],
[9].Due to their high content of organic matter, their
addition to the soil, canalso activate micro-organisms
and affect its chemical and physical properties [10],
[11], [12]. The available C and N into the soils,

where the organic materialwas added, depends on the
decomposition rates and synchrony of nutrient
mineralization [13]. However both the amount and
the rate of nutrients released from plant residues
werestrongly dependent on their biochemical
composition [14].

Nowadays, a variety of wastes in the form of
straw, pulp, stover, husk etc, are generated from food
and agricultural products processing industries such
as olive oil mills, sugar industries, wineries, coffee
and chocolate industries [15], [16]. World production
of cocoa beans by the main producing countries
(Brazil, Nigeria, Ecuador, Ghana, Cote d’lIvoire,
Cameroon, and Indonesia) during 2013-2014 harvest
period, was 4.3 million tons and has increased over
the last decade [17]. Since the commercial interest is
focused on cocoa nibs, the dried cocoa shells which
is the main by-product from the chocolate industry, is
usually burnt for fuel or used as a mulch to increase
soil fertility [18]. Cocoa shells are rich in
polysaccharides mainly cellulose and little lignin, as
well as in phenolic compounds which exert
antioxidant and antimicrobial effect [19], [20], [21],
[22], [23]. In addition many studies have shown that
cocoa shells can remove several heavy metals from
very acidic solutions [24], [25], [26] and can absorb
and hold a significant amount of water that can be
released gradually to the ground, preventingplants
dehydration. They can be used to increase soil
content in Ca, K, and several microminerals such as
Cu, Fe, Mn and Zn, since shells mineral analysis
shows that they contain significant amount of these
elements [27], [28], [29].

For this reason, cocoa shells can be used in
mixtures with other organic materials to produce
substrates for plants cultivation. Alternatively, cocoa
shells can be used to produce material for soil
amendment, since its addition to the soil as bio-
fertilizers, increases soil fertility and crop
productivity [22], [30].

However, the addition of plant material to the
soil, seems to have a different effect on organic
carbon mineralization depending on plant species
from which it originates. In laboratory experiments
the presence of Ocimum basilicum L. dry matter in
soil mixtures increased the soil organic carbon
mineralization, while the presence of Origanum
vulgare L. dry matter decreased it [31], [32]. Cocoa
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shells have rather low content in N and P compared
totheir content in C [33], depending on the region
where cocoa was produced. Based on the ratio of
carbon to nitrogen, the organic waste materials can be
characterized as nitrogen source materials and carbon
source materials. Although a mature compost should
have C/N ratio <25 [34], in many cases C/N ratio in
cocoa shells composts exceeds the above mentioned
value [33], [35]. This may cause nitrogen limitation
of plants, especially when this material is added in
soils with low content in N.

In this work was investigated the effect of
manure enriched with dried cocoa beans shells, on
soil microflora and chemical properties, when used in
mixtures with different proportions as soil
amendments.

Il. MATERIALS AND METHODS

A. Incubation experiment:

Amounts of 0.2, 0.4 and 0.6 g of fine cocoa
shells powder, originated from cocoa shells that dried
in a circulated air oven (80°C), were used for the
preparation of three mixtures (CSp,, CSp4 and CSyg
respectively) with 5.0 g of sheep manure and 50 g of
air-dried sieved sandy loam soil. Themanure was
digested for three months before the mixture
preparation, while the soil was collected from a
permanent grassland plot (0-10 cm depth). Manure-
soil mixturesthat did not contain cocoa shell powder
were served as control(CSy).

Four samples from the above mentioned
mixture, 40 g each one, were placed in an incubator
at 28°C for a period of 21 weeks. During the first
three weeks of the incubation period, the moisture
was maintained at two-thirds of mixtureswater
holding capacity (WHC), while for the next three
weeks they were left to dry. This process was
repeated until the end of the incubation period
following the methodology of relevant works [36]. At
the end of the incubation period the chemical analysis
of the samples was performed.

B: Methods of analysis:

Organic matter was oxidized with 1 mol L™
K,Cr,0; and titration of the remaining reagent with
05 mol L' FeSO, Soil pH and electrical
conductivity, (EC) was measured in (1:5) soil/water
extract.Both ammonium and nitrate nitrogen were
extracted with 0.5 mol L™ CaCl, and estimated by
distillation in the presence of MgO and Devarda's
alloy, respectively. Available P forms (Olsen P) were
extracted with 0.5 mol L™ NaHCO; and measured by
spectroscopy.Organic phosphorus was measured after
mineralization by combustion of the sample and
subtraction of the mineral phosphorus amounts,
which had previously been estimated in the
laboratory. The mineral amounts were extracted with
1 mol L* H,50, and all forms were measured by
spectroscopy. Exchangeable forms of K were
extracted with 1 mol L™* CH;COONH, and measured

by flame Photometer (Essex, UK). Available forms
of Mn, Zn, and Cu were extracted with solution
containing DTPA (diethylene triamine pentaacetic
acid) 0.005 mol L*, CaCl, 0.01 mol L* and
triethanolamine 0.1 mol L™ and measured by atomic
absorption. For the determination of total
concentration of Mn, Cu and Zn, the amount of 1 g of
hydratedsoil, manure, cocoa shell powder as well as
of the above mentioned mixtures respectively, were
digested at 350 °C with solution which contained 10
ml HNO; and 5 ml HCIO, The samples were
analyzed by Atomic Absorption (Spectroscopy
Varian Spectra AA 10 plus, Victoria, Australia),
using air-acetylene flame.

C. Estimations:

Soil Exchangeable Sodium Percent (ESP),
and Sodium Adsorption Ratio (SAR) were
determined according to the Eq. (1) [37], [38]and Eq.
(2) respectively [39].

ESP = (Na" / CEC)*100

Where:

ESP = Exchangeable sodium percentage (%)
Na* = Measured exchangeable Na (cmol/kg)
CEC = Cation exchange capacity (cmol/kg)

and
0.015*SAR = ESP/(100-ESP)

E. Soil microflora:

To investigate the effect of added material on
the soil microflora (bacterial communities), a small
amount of soil was spread onto potato dextrose agar
plates and incubated for 2 days at 25°C in darkness.
After the incubation period, the number of the
bacterial colonies was counted.

F. Statistical analysis:

The experiment was performed following a
completely randomized design with four replications.
Tukey’s procedures were used to detect and separate
the mean treatment differences at P= 0.05. Statistical
analyses were performed by the statistical program
MINITAB.

I1l. RESULTS AND DISCUSSION

The initial organic matter content in sheep
manure and cocoa shells were high, 40.5% and 49.9%
respectively. In these materials the total amount of
Nand K was also high, ranged in similar levels as
shown in Table 1, while the P content was lower in
cocoa shells compared to that of manure. The
measured values concerned the content of cocoa
shells in organic matter, N, P and K that are
presented in Table 1 were similar to those referred by
several authors [27], [33], [35].The soil used in this
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experiment had a very low content (0.95%) in
organic matter, since the organic fraction of soils
typically  accounts  proportion of 5 to
10% of soil mass [40].

Table 1. Chemical properties of soil, sheep manure and
of cocoa shells

Property Soil Sheep manure |Cm1l1rl;
T lure Sancly lcam

Orpamic matier (%) 0095 £003 4054225 49.9+2491
MNH,*-N (mg ke') 1A E455

MOy-M (myg ky"_l T4 &7 46

N —total (g kg') 1 49 £0.07 1762080 | 11604073
P -Oilser {mez kgt 944243

K-cachangeable (mg k') 0e8x 1211

Na-exchangeable (mg kg') | %21 £4.57

CEC (emal kp') 184 %102

pH (15 TRI£ 039 B3+ 032 5732030
EC (1:5)d5 m! 028 £ 0,02 2964 0,16 202003
Cal’0), (%) B2 ei0.24

Cu -DTPA (g kg 0,89 £ 004

Ln-DTPA (mg kg') 073 £ 0004

Mn ITPA (mg kg 462 £1047

Ma-total iz kg') 0302 £ 0004 Rl 047 (189 £ {101
K-otal (g kg'y 4008 £ 016 IRRG£ 059 | 2].156% 096
P soial (g kg') 03546 & 0,02 (.22 410,39 LA +001
Cu =total {my ky') F0NMSE 212 EEN I ] F9.0+ 428
Zn-otal (mg kg') JTM£208 | IRT62 1240 | 357398
Mn -tatal {mg kg’ 43R2+ 2966 | 1266% |RE] | =M.

Note:+ represent SD (n)=4.

After 21 weeks of incubation, mixtures with
higher cocoa shell powder percentage (CSpe), had
increased EC (1.79 dS m™) in comparison to the CS,,
CSp, and CSp4 mixtures that had similar EC values
as shown in Table 2 (1.66, 1.64 and 1.66 dS m™
respectively).In contrast the pH of the mixtures
decreased progressively from 7.6 (Cy) to 7.4 (CSpg),
as their content in cocoa shell powder increased
(Table 2).The higher EC and the lower pH values of
CSo6 mixtures in comparison to CSy, is probably due
to the increased concentration of several nutrient
elements and to the oxidation of the NH,*-N to NO;~
N respectively.

In specific, a strong correlation (R*=0.98,
P<0.05) between NH,"-N and NO; -N concentration
was observed in CSp, CSps and CSpg, mixtures
(Fig.1).

At the end of the incubation period NH,-N
concentration in CSy, CSp,, CSps mixtures was
similar to that in the soil before the addition of the
manure and the cocoa shells powder. In contrast in
CSy s mixtures the NH,*-N concentration was 35.2%
and 42.8% lower compared to that of the soil and CS,
respectively.At the same period the NO;™-N
concentration increases in a range of 101.2% (in
CSp, and CSp4 mixtures) to 131.6% (in CSpe in
mixtures), compared to that in the soil and from 10.8%
(in CSp, and CSy4 mixtures) to 22.5% (in CSyg
mixtures) compared to CS,.
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:"\{I_._ =M concentralion { g Kg )

Fig. 1:Correlation (R?=0.98, P<0.05 )of average NH,"-N
to NO3;™-N concentration in CSy, (A), CSy, (m) and
CSos (o) mixtures, at the end of the incubation period.
Vertical and horizontal bars indicates SD.

According to the results of several relative
works, a temporary increase of NH,"-N concentration
is usually observed after the addition of organic
amendments to soil, for a relatively short period of
time (several hours to few days or weeks) during the
early stage of the incubation period. The initial
increase of NH,"-N is later followed by their gradual
reduction, (maturation period), usually up to the
levels that the soil had before the addition of the
organic amendment [7], [41]. In the present work, at
the end of the incubation period, both the rate of
NH,-N decrease and the NO;™-N increase was
higher in CSgo mixtures, where the greater amount of
cocoa shell powder was added. This indicates a
higher rateof N mineralization in CSg, mixtures as
compared to CS, CSy, and CSp4 mixtures (Table
2).The results presented in Tables 1 and 2 also
indicate that the addition of manure in a proportion of
10% in thesoil, did not alter significantly soil’s
ammonium nitrogen after 21 weeks of incubation.
The addition of 0.2 or 0.4 g of cocoa shell powder to
the manure-soil mixtures did not altertheir
ammonium nitrogen content, but increased the nitrate
nitrogen concentration in CSy, and CSy4 mixtures
almost the same (9.9 and 14.4% respectively), at the
end of the incubation period (Table 2).Therefore,it
can be considered that a similar N mineralization rate,
was performed in CS0.2 and CS0.4 mixtures.

The NH,"-N: NO3™-N ratio is used to evaluate
the state of compost, since NH,":NO;™ ratio equal or
lower to 0.16 is used as an indicator for compost
maturlty[42], [43], [44]The CSo2, CSpa and CSos
mixtures studied in this work, which contained cocoa
shells powder,hadNH;*-N: NO3™-N ratio equal or
lower to 0.16 (0.16, 0.13 and 0.08 respectively),
while mixtures that contained only manure had a
greater to 0.16 NH,":NOs™ ratio (0.17), after 21
weeks incubation period.The results also indicated
that the higher the content of the mixtures in cocoa
shells powder the lower the NH,"-N:NO;"-N ratio at
the end of incubation period.

The increased nitrification rate in mixture
where cocoa shell powder was added, reduced the
time needed for CSy, CSya and CSygmixtures
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maturation, compared to CSy. This resulted probably
from the higher microorganism activity developed in
CSp2, CSp4 and CSy e mixtures compared to CS, (Fig
2).The addition of cocoa shells in CSp,, CSp4 and
CSo6 mixtures may increase the microbial content of

these mixtures at the initial stage of incubation period.

This is because organic materials have a significant
microbial biomass.However, the major cause for
microbial population’s increment in CSp,, CSq4and
CSp 6 mixtures, must be attributed to the increased
concentrations of NH,*-N and C, which are the main
nitrogen and energy sources for microorganisms in
the substrates. This allowed microorganism
populations of the above mentioned mixtures to
multiply faster [45], [46]. In several studies [7], [41],
[47]a significant correlation of the N and C
mineralized to the microbial biomass and the
microbial activity was referred. As it was expected,
the results of this experiment revealed a strong
correlation between the number of bacterial colonies
developed in plates with potato dextrose agar, where
small quantities of CSp,, CSp4 and CSpg mMixtures
were spread, with NO;"-N (R*= 0.90, P<0.05) and
NH,*-N (R*= 0.96, P<0.05) concentration, as shown
in Fig.3a and b respectively.

Table 2. Chemical properties and available forms of
elements of the mixtures at the end of the incubation

period
Propertics Treatmenis

C5, | CSuy | CBus | Ces
pH 7620 753 7498 T4
EC, {d5 mr') 16" 1.64" (Kiliy 1.79%
CEC (mmol kg') 47 5t 47 9k 45 qt 53 40
C-orpanic (g kg') AL HEN L 134 4b L4507
MH N (mg kg'y 245" 24,5 214 14,00
NOc-N o (mg kgt 141 9% 1 560 16248 1K3.3*
P-Total (g kg 14544 [ 185850 [ 158090 | 16508
PiHsem  (mg kg'y 2T, o 74,50 | 2600 37| 7
Peorgamic {mg kg™') 1RG4 136.% | 550G 4R3.1®
K-total (g kg'y RO9E.OF | BOSE® | ROSE3* | 101129
K- exchangeable (mg kp') | 2130065 | 266338 [ 20296 | 20296
Cu-total (mg kg') 48,28 43 o 349 50 48 20
Cu-DTPA (mg kg 094 nE* | ORT 119
Ln-total {mag k') 57.6" SE.E 346" &].6"
In-DTPA  {meg k') 2 3Rk 2 a0 2. 794 2 e
Mn=total (mg kg'h 6749 GY6.8" | G2H.1 flh.2*
Mo-DTPA (mg kg'y 14.4% 15.0% 14.4# 13.3=
Ma-total g kg') BRI [T 03¢ 61 .64
Ma- exchangeable (mg kg') 55550 5785 | 6245 R

Note:The values in the lines of table with the same letter do
not differ significantly according to the Tukey’s test
(P=0.05)

A similar correlation (R*= 0.84, P<0.05) was
revealed between the number of bacterial colonies of
CSp2, CSp4 and CSpe mixtures with the organic C at
the end of incubation period(Fig.3c), when CSgg
mixturescontained 40.4 % more organic C compared
to Comixtures (Fig. 4).

=

Number of bacterial colonies
s 8 K
. -
4 F -

S04

Ireatments

Fig. 2: The number of bacterial colonies developed in
plates with potato dextrose agar where small quantities
of CSp,, CSps and CSyg mixtures were spread. Bars
with the same letters do not differ significantly
according to Tukey’s test (P = 0.05).

In specific, in CSp g mixtures the higher organic C
and NO;"-N concentration, were combined with the
lower number of microorganisms, whereas in CSy,
mixtures the lower organic C and NO3;™-N
concentration were combined with the higher number
of microorganisms at the end of the incubation period.
The microbial biomass in amended soils is higher
during the early stages of the composting, when there
are sufficient nitrogen and carbon sources in the
substrate, than at the latest stages [48], [49].The
above mentioned, in combination with the NH,"-
N:NO;"-N ratios, estimated for each one of CSg,,
CSop4 and CSpe mixtures, reinforces the aspect that
after 21 weeks period of incubation, the N and C
mineralization in CSy,and CSy4mixtures may be still
in progress, while in CSyg mixtures probably it was
completed.

The addition of manure and cocoa shell powder
increased soil’s total K content from 50.5 % (in the
case of CSy, CSp, and CSgy 4 mixtures) to 60.3% (CSps
mixture). This is because potassium in manure and
compost is highly available. According to relative
works, K availability in soil mixtures after the
application of different manure types or after the
addition of composted manure,may range from 24 to
152% [50], [51], [52]. The addition of 0.2, 0.4 and 0.6
g of cocoa shells powder in CSg,, CSp4 and CSys
mixtures respectively, which contained a standard
proportion of manure and soil,it would be expected to
increase proportionally their content in total K, since
cocoa shells powder have a high concentration in K
(Table 1).Total K content was significantly higher
only in CSy ¢ mixtures (10112.9 g Kg™), while it was
the same in CSp, CSp, and CSy4 mixtures (8098 g
Kg™) at the end of incubation period (Table 2). The
addition of 0.2 and 0.4 g of cocoa shell powder in 55
g of soil-manure mixture (otherwise 0.36 to 0.72%
content in cocoa shell powder), wasn’t adequate to
increase significantly their total K content, despite
that potassium is the most abundant mineral element
in cocoa shells [53], [54]. In contrast the total K
content of the soil-manure mixtures increased
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significantly when more than 1% of cocoa shell
powder was added in the mixture.

The exchangeable form of potassium was
increased in mixtures contained cocoa shell powder
in comparison to the CS,.This increase ranged
from20% to 30% by the addition of 0.2 and 0.4 or 0.6
g of cocoa shells powder respectively. Differences in
exchangeable K content between CSy, CSpo, CSpa
and CSp, shown in Table 2, are probably caused by
the different microbial activity in these mixtures.

sumber of bacterial colonies

I'H] T T T T T
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Fig. 3:Correlation of average bacterial colonies
developed in plates with potato dextrose agar where
small quantities of CSy, (A), CSps (m) and CSyg (e)
mixtures were spread, with: a) NO3™-N (R2:0.9, P<0.05),
b) NH,-N (R?=0.96, P<0.05) and c) C-organic
concentration (R?=0.8, P<0.05). Vertical and horizontal
bars indicates SD.

600 -

400 +

b
200 I
0
o
Treatments

Fig. 4:Effect of cocoa shells powder addition on organic
carbon mineralization of CSy, CSy, or CSys and CSye
mixtures. Columns with the same letter do not differ
significantly according to the Tukey’s test (P=0.05).

b

CS0.2

Ceorganic concentration (g kg ')

S04 CS0.6

Potassium  solubilizing microbes such as
Pseudomonas, Bacillus, and Aspergillus, that are
present in soil, excrete organic acids (oxalic acid,
citric acid and formic acid) which solubilize the
unavailable potassium, converting the insoluble or
mineral structural potassium compounds into soluble
forms [55], [56], [57], [58]. Accordingly, the
microbial activity in the above mentioned mixtures,
should be followed by their acidification, caused
from the accumulation of organic acids during the
incubation period. This is in accordance with the
mixtures pH gradation, shown in Table 2, as well as
with the assumption that the nutrient elements
mineralization in CSy,and CSp4mixtures may be still
in progress, while in CSy¢ mixtures probably it was
completed after 21 weeks of incubation period.

Chemical analysis also shown that the
variation of total andexchangeable sodium in CS,,
CSpz CSps and CSygmixturesfollowed a pattern
similar to that of potassium. As shown in Table 2, the
maximum increase of the total and exchangeable
sodium was occurred in CSy mixtures (10.71% and
14.35% respectively, in comparison to the
CSpmixtures). However the increase of exchangeable
sodium did not cause any sodicity risk of mixtures.
As shown in Table 2, mixturesESP and SAR values
estimated from Eq (1) and (2) respectively as well as
their measured pH values,were lower to critical
values thatare specified by the relevant
literature(15 %, 13 and 8.5 respectively)[59], [60].

The soil used in this work can be classified as
low in P, since both the total P content (0.396 g kg™)
and the Olsen-P value (9.4 ppm) were lower than the
thresholds of 0.6g kg™ and 10 ppm respectively [61],
[62] as shown in Table 1. In contrast manure
contained a significant amount of phosphorus(6.22 g
Kg™), whereas P was in lower concentration in cocoa
shell powder, similar to those that has been reported
in several works [51], [63], [64], [65], [66]. Although
manure and composts contain more inorganic (63 to
92%) than organic P (5 to 25%) [67], the inorganic
and organic forms of P, as well as the nature and
partition of P forms, depends on manure type, animal
diet and the type of organic amendment.
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Consequently the addition of manure and cocoa shell
powder in mixtures increased significantly (P = 0.05)
the total-P in CSp,, CSp4 and CSys mixtures by 6.6,
8.5 and 12% respectively compared to CSO (Table 2).
The highest total phosphorus content was measured
in CSp Mixtures, where more organic matter was
added (manure plus cocoa shell powder). These are in
agreement with the results presented in several works
[68], [69], [70], [71], where increases in inorganic P
are reported,after the application of manure to the
soil.Differences in organic P content were observed
among CSy, CSy2, CSp4 and CSy ¢ mixtures (Table 2),
while the higher organic P content was measured in
CSy 4 mixtures and the lower in CSy; mixtures.Factors
that may contribute to the organic phosphorus content
of the CSy,, CSp4 and CSpe mixtures compared to
CSo, are both the inorganic P pool of the mixtures
and the microbial activity. The number of
microorganism colonies grown in the substrate is
therefore critical for phosphate solubilization, since
the latest is affected by organic acids produced from
these microorganisms [72], [73]. However the
addition of organic material in soil mixtures can
stimulate the synthesis of soil microbial biomass,
increasing their demand for P. This amount of P is
pumped from the phosphorus pool contained into the
soil mixture and immobilized on the microbial cells
[74]. For this reason the correlation of the organic P
produced from the microbial activity during the
incubation period and the total P which is contained
in the substrate is not linear [75]. A similar nonlinear
relation was observed in this work between the
number of microorganism’s colonies and the organic
P contained in CSy, CSp,, CSpsand CSyg(Fig. 5).The
above mentioned can explain why the highest
concentration of organic P was observed at the
intermediate rate of manure and cocoa shells
additions (CSy4), where a smaller number of
microorganisms colonies was developed compared to
CSy,. However the increment of total P in CSy»,,
CS, 4 and CSy g mixtures did not affect their content in
available P, since the Olsen-P values were similar in

all mixtures.

]
- T
B
3 (L] N
'E‘ 1) — !
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= R* = L7973
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(1] T T T

1] k11 100 150 vl 180

Number of microorganisms colonics

Fig. 5: Correlation (R*=0.8, P<0.05) between the organic
P concentration and the number of microorganisms
colonies developed in plates with potato dextrose agar
where small quantities of CSy (0), CSp, (A), CSps (m)
and CSps (e) mixtures were spread.Vertical and
horizontal bars indicates SD.

The concentration of the total Cu, Zn and Mn,
in CSy, CSp,, CSps and CSyg mixtures was similar,
while the concentration of the available form of the
above mentioned microelements, was affected in a
different way by the addition of cocoa cell powder to
the soil manure mixtures (Table 2). In specific the
concentration of the available form of Cu was
increased by 26.6% in CSye mixtures, while the
concentration of the available form of Zn was
increased in both CSp4and CSy mixtures by 17.2%
and 22.3% respectively, compared to those of CS,
mixtures. In contrast the concentration of the
available form of manganese was not affected from
the addition of the manure and the cocoa cell powder
into the soil-manure mixtures.

IV. CONCLUSIONS

The addition of cocoa shell biomass to soil-
manure mixtures up to 1% did not affect their NH,"*-
N concentration while it increased the NO;-N
concentration. Addition of greater than 1% cocoa
shell biomass to these mixtures, reduced the NH,*-N
and increased the NO3;"-N concentration as well as
the organic C and the exchangeable Kcontent, after a
21-week incubation period. This indicates that the
addition of cocoa shell biomass to soil-manure
mixtures in excess of 1% may strongly influence the
mineralization of N, C and K.

The results also revealed that the higher the
content of the mixtures in cocoa shells powder, the
lower the time needed for soil-manure mixtures
maturation. After an incubation period of 21 weeks,
mixtures that contained lower than 1% cocoa shell
powder had a high microbial load, probably because
in these mixtures the nutrients mineralization were
still in progress. In contrast, in mixtures that
contained higher than 1% cocoa shell powder the
microbial load was low, possibly because the
nutrients mineralization was already completed. The
cocoa shell powder in the soil manure mixtures
therefore seems to act as accelerator for N, K and C
mineralization.

The highest total P content was measured in
mixtures where more organic matter was added,
while the higher organic P content was measured in
mixtures thatcontained lower than 1% cocoa shell
powder,where the microbial activity was still high.
However the concentration of the available P was not
affected by the addition of cocoa shell powder to the
soil-manure mixtures.

The variation of total andexchangeable
sodium in  soil-manure-cocoa  shell  powder
mixturesfollowed a pattern similar to that of
potassium. However the increase of exchangeable
sodium did not cause any sodicity risk of
mixtures.The concentration of the total Cu, Zn and
Mn, was not affected by from the addition of the
cocoa cell powder to the soil-manure mixtures, while
the concentration of their available form was affected
in a different way.
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