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ABSTRACT 
 

A study was conducted on a Chromic Lavisol at the  College of Agriculture, University of Education, 
Winneba, Ghana to assess the effect of soil amendment with cocoa pod husk(CPH),  poultry manure(PM) and 
their combinations on soil nutrients and  the growth and yield of cucumber. Treatments were prepared as: 
Control (no amendment), 12t CPH, 12t PM, 6t CPH + 6t PM, 8t CPH + 4t PM and 4t CPH + 8t PM/hectare. 
Treatments were  thrice  replicated  and the Completely Randomized Design (CRD) was used to assign 
treatments to  experimental plots.  The application of these two agricultural wastes significantly (p≤0.05) 
increased the soil levels of pH(H2O),  Exchangeable Cations, ECEC, Base Saturation, NH4

+-N, NO3
 – N and 

Available P over the control. The sole PM soil amendment gave the highest significant levels of  Ca(5.85 
me/100g soil), Mg(2.94 me/100g soil), Na(0.24 me/100g soil) ECEC(10.03 me/100g soil), NH+

4 – N(84.63 
µg/g), NO-

3 – N(10.71 µg/g) and Available P(10.93 µg/g), while the CPH  soil amendment gave the highest K 
(0.46 me/100g soil) among the treatments.  The combined CPH and PM in the soil amendments was found to 
enhance the release of nutrients in the soil. The growth and yield of cucumber were relatively improved with the 
nutrient levels in the soil. CPH may be useful in soil amendments as a good source of potassium for crop 
production. 
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Introduction 
 

The traditional system of restoring soil fertility 
through shifting cultivation in most Sub-Saharan 
African countries is giving way to continuous   
cropping on the same land, and thus, resulting in 
gradual depletion of soil fertility and crop yield.  

Soil fertility restoration is therefore necessary if 
maintenance of high crop yield is to be achieved. 
Synthetic fertilizers have been used in this regard for 
good crop performance, however, the use of these 
fertilizers have resulted in negative impact on 
ecosystems.  Synthetic fertilizers add necessary 
nutrients to the soil, however, their regular use 
causes long-term depletion of organic matter, soil 
compaction, and degradation of overall soil 
quality[22]. 

The use of plants and animal materials as soil 
amendments to provide nutrients and in place of 
synthetic substances would be more sustainable with 
minimum damage to the environment.  There is a 
strong evidence to support the use of organic 
substances in farming as an environmentally friendly 
alternative to the use of synthetic substances in 
agriculture[21].  The use of organic sources of 
fertilizer would enable farmers save funds in buying 
synthetic fertilizers for other farm operations. 

Animal sources like poultry manure, cow dung 
and pig manure have been extensively used as soil 
amendments to replenish soil nutrients over the 
years. Plant sources especially neem products and 
legumes have also been used as soil manure.  Many 
related studies have ascertained the positive 
contribution of manure to crop improvement and soil 
maintenance[10,17,19]. 

Cocoa pod husk used as fertilizers has been 
tested on some crops.  Cocoa husk used as soil 
amendment was found to increase the growth and 
fruit yield of tomato significantly (P>0.05) by 177% 
[16]. 

Different rates of cocoa husk ash increased soil 
pH, total N, available P, exchangeable K, Ca and Mg 
and also significantly increased the number of roots, 
plant height and dry matter yield of maize[18].   
Moyin-Jesu and Ojeniyi[15] studied the effect of 
animal manure and crop wastes on yield of  okra 
(Abelmoschus esculentum) and found that  
amendment of wood ash, ground cocoa husk, rice 
bran, spent grain and saw dust with goat, pig and 
poultry  manures enhanced okra yield and N, P, K, 
Ca and Mg uptake.  

Information on the use of cocoa pod husk as soil 
amendment on the growth of cucumber (Cucumis 
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sativus L.) a member of the Cucurbitaceae family is, 
however, limited.  

The present study therefore was aimed at 
assessing the effect of soil amendment with cocoa 
pod husk, poultry manure and their combinations on 
soil nutrients and cucumber growth. 

 
Materials And Methods 

 
The experiment was conducted at the College of 

Agriculture, University of Education, Winneba, 
Mampong Campus experimental field between the 
latter part of April and   June, 2008. The location is 
found between latitude 07o 04’N and longitude 01o 
24’W.  The soil belongs locally to the Bediesi series 
and is classified by the FAO-UNESCO legend as 
Chromic Luvisol (Asiamah, 1988). Some chemical 
properties of the soil are shown in Table 1. 

Fresh cocoa pod husk was collected from the 
College’s cocoa farm, cut into chips and shade dried 
and ground with a milling machine. Poultry manure 
was obtained from the College’s poultry farm, shade 
dried and pounded in a mortar to pass through a 2mm 
sieve. The compositions of the cocoa pod husk 
(CPH) and the poultry manure (PM) prepared are 
presented in Table 2.  

The CPH and the PM were used as soil 
amendments on beds of size 1.5m x 3.0m in the 
following six treatment combinations:  Control (no 
amendment), 12t CPH, 12t PM, 6t CPH + 6t PM, 8t 
CPH + 4t PM and 4t CPH + 8t PM/hectare. 
Treatments were triplicated.  The Completely 
Randomized Design (CRD) was used to assign 
treatments to the beds. Two sets of experiments made 
up of the above treatments were carried out at 
different parts of the experimental field at the same 
time. 

Cucumber seeds were sown direct at two seeds 
per hill on the beds at spacing of 35cm within rows 
respectively. Each bed had only one row. The beds 
were covered with palm fronds and watered. The 
fronds were removed after germination of the seeds. 
Rainfall was enough to keep the soil moist for plant 
growth.   

The girth and height of the cucumber plants, 
fruit diameter and fruit length were measured with a 
meter rule and a string during the harvesting of 
cucumber fruits at 56 days after planting. The total 
number of leaves/plant fruits/plant and weight/fruit 
were also determined. The five middle plants in a 
row were used for data collection. 

Chemical analyses of the treated soil and the 
cucumber fruit were done at the Laboratory of  Soil 
Research Institute, Kumasi, Ghana  after harvesting 
the cucumber fruits.  

The total Nitrogen and Phosphorus were 
determined by  the Micro Kjeldahl and the  
colorimetric methods  respectively[5]. Ammonium-N 
and nitrate-N were determined by the indophenols 
blue and the phenoldisulphonic acid methods 

respectively[12].  Available P was determined by the 
Bray 1 method, and the total  exchangeable calcium 
and magnesium were determined by EDTA titration 
method, while potassium and sodium were assessed 
using a  flame photometer[9]. The pH (H2O) of the 
soil samples was also measured[20]. 

Composite data from the two experiments were 
subjected to analysis of variance (ANOVA) and the 
Least Significant Difference Test (p≤0.05) for the 
separation of means using the MSTAT-C statistical 
software package[8]. 

  
Results And Discussions 

 
Cocoa pod husk and poultry manure soil 

amendments on soil chemical properties: The effect 
of Cocoa Pod Husk (CPH) and Poultry Manure (PM) 
soil amendments on  soil chemical properties is 
presented in Table 3. The application of these two 
agricultural wastes significantly (p≤0.05) increased 
the soil pH (H2O), Exchangeable Cations, ECEC, 
Base Saturation, NH4

+-N, NO3
 – N and Available P 

over the control. In similar research studies soils 
amended with organic fertilizers(manures) increased  
soil  N, P, K, Ca and Mg and soil pH  contents 
relative to the control treatment[14]. The sole PM 
soil amendment gave the highest significant levels of 
pH(6.00), Ca(5.85 me/100g soil), Mg(2.94 me/100g 
soil), Na(0.24 me/100g soil), ECEC(10.03 me/100g 
soil), NH+

4 – N(84.63 µg/g), NO-
3 – N(10.71 µg/g) 

and Available P (10.93 µg/g), while the sole CPH 
soil amendment, however,  gave the highest K (0.46 
me/100g soil) among the treatments. This trend 
might have resulted from the higher content  of  P, 
Ca and Mg in the PM and the higher K content in the 
CPH used in the amendment (Table 2). Cocoa pod 
products have been found to have high level of the 
K[3,18] while the PM is found to have high content 
of the other nutrients especially the N and the P, and 
in most soil amendments with the PM, soil nutrient 
levels have been significantly enhanced[7,13]. 

The influence of the PM and the CPH in the 
combined treatments is noted in this study, where the 
treatments with the PM combinations had higher 
significant (p≤0.05) values of  Ca, Mg, Na, ECEC, 
NH+

4 – N, NO-
3 – N and Available P than the sole 

CPH treatment, while the treatments with the CPH 
combinations also had higher significant (p≤0.05) K 
than the sole PM treatment.  

For the %Base Saturation, the sole PM treatment 
and the treatments with both the PM and CPH were 
significantly (p≤0.05) not different from each other,  
but were significantly higher than the values from the 
control and the sole CPH treatments. This may result 
from the higher increases of the Na, Mg, Ca and 
other unmeasured cations in treatments with the PM. 

Complementary effect of the combined manure 
treatments might be the reason behind the higher 
levels of some of  the soil’s chemical  properties 
observed for the combined CPH and the PM  
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especially the 4t CPH + 8t PM of the current study as 
compared to the remaining treatments. The 
combination of more than one organic manure in soil 
amendments has been found in most studies to 
enhance higher release of nutrients in the soil[13,17] 
as observed in the current study. 

Soil amendment effect on the growth and yield 
of cucumber:  Plant  height, plant girth, number of 
leaves, number of fruits, diameter of fruit, length of 
fruit and weight of fruit of cucumber increased 
significantly (p≤0.05)  for the soil  amended  with 
CPH and PM (Table 4).  

The parameters measured from the sole PM and 
the combined CPH and PM treatments were 
significantly (p≤0.05) higher than the sole CPH 
treatment. The combined treatments of CPH and PM 
in most cases recorded higher or equal increases in 
the parameters than the sole PM treatment. With the 
exception of fruit length, the combined treatment of 
4t CPH + 8t PM  had the highest figures for the 
parameters. The improvement of these growth and 
yield parameters of cucumber harvested from the 
amended soil with the CPH and PM over the control 
could be attributed to the rise in nutrient level in the 
amended soil. The use of PM over the years in soil 
amendments to improve crop performance is well 
documented[2,10]. Soil amendments with CPH has 
also been found to contribute to better growth and 
yield of tomato and maize[3,17]. Similar to the 
current study the combined application of CPH and 
PM has been found to have cumulative and 
complementary effect on the release of nutrients in 
soil which enhanced better growth and yield of 
maize[7] and the influence of PM in the release of 

nutrients in the soil for better performance of other 
crops is known[1,10]. 

Nutrient content of cucumber fruit:  Table 5 
indicates the nutrient content of cucumber fruit for 
the various treatment combinations of the CPH and 
the PM. The N, P, K, Ca and Mg content of the 
cucumber fruit improved with the application of the 
CPH and PM. The N, P, Ca and Mg values in the 
cucumber fruits from the sole PM soil amendment 
were higher than values from the sole CPH soil 
amendment, however, the K in the cucumber fruits 
from the sole CPH soil amendment was higher than 
the fruits from the sole PM soil amendment. The 
nutrient content in the soil has relative effect on what 
the plant absorbs. The nutrient levels in the 
treatments had a corresponding linear effect on the 
nutrient content in the cucumber fruit (R2 : Ranged 
between 0.82 and 0.99). The concentrations of 
nutrients in soil have been found to have a positive 
linear impact on the nutrient contents in   
plants[4,11]. 

Conclusions:  Poultry Manure (PM) proved to be 
a better source of N, P, Ca and Mg than the Cocoa 
Pod Husk (CPH), while CPH was  a better source of 
K than the PM when used in soil amendments. The 
combined PM and CPH in the soil amendments 
enhanced the release of nutrients in the soil. The 
growth and yield of cucumber were relatively 
improved with the nutrient levels in the soil. The PM 
and the CPH may be used effectively in the 
production of cucumber, and in the absence of PM 
which has shown to be a good source of soil nutrient, 
CPH may be an alternative to provide nutrients to the 
soil as a manure, especially if K is highly needed in 
the soil. 

 
Table 1: Some chemical properties of the soil used in the amendment 

Chemical Property Level (Concentration) 
Organic matter (%) 
Nitrogen (%) 
Exchangeable Cations (me/100g soil) 
                       Ca 
                       Mg 
                       K 
                       Na 
ECEC (me/100g soil) 
Base Saturation (%) 
Available P (ppm) 
pH (H2O) 

1.59 
0.07 
 
5.07 
2.14 
0.12 
0.17 
8.45 
88.76 
1.70 
5.49 

 
Table 2: Composition of Cocoa Pod Husk (CPH) and Poultry Manure (PM) used in the amendment 

Element 
CPH                   PM 
Concentration of element (%) 

N 
P 
K 
Ca 
Mg 

1.23 
0.15 
0.94 
0.16 
0.11 

3.08 
1.29 
0.88 
0.76 
0.50 
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Table 3:  Poultry Manure (PM) and Cocoa Pod Husk (CPH) soil amendments on soil chemical properties after harvesting cucumber. 
Treatment/ha pH(H2O) Exchangeable Cation     (me/100g) 

 
Ca               Mg         K                Na 

ECEC 
(me/100g) 

Base 
Saturation 

(%) 

NH4
+-N 

( µg/g) 
NO3-N 
( µg/g) 

Available 
P 

( µg/g) 
12t CPH 
12t PM 
6t CPH + 6t M 
8t CPH +4t PM 
4t CPH +8t PM 
Control 
LSD(0.05) 
CV(%) 

5.67 c 
6.00 a 
5.84 b 
5.82 b 
5.88 ab 
5.49d  
0.14 
1.05 

5.34 b     
5.85 a 
5.41 b 
5.40 b 
5.68 a 
5.07 c 
0.24 
1.97 

2.59 b 
2.94 a 
2.65 b 
2.60 b 
2.67 b 
2.14 c 
0.25 
4.46 

0.46 a 
0.30 c 
0.42 ab 
0.40 ab 
0.34 bc 
0.12 d 
0.10 
12.25 

0.17 de 
0.24 a 
0.21 bc 
0.19 cd 
0.23 ab 
0.17 e 
0.02 
8.27 

9.41 b 
10.03 a 
9.49 b 
9.39 b 
9.67ab 
8.45 c 
0.50 
2.43 

90.97 c 
93.02a 
91.57 bc 
91.48 bc 
92.24 ab 
88.76 d 
1.16 
0.58 

77.81 c 
84.63 a 
80.63 b 
80.70 b 
81.20 b 
74.53 d 
1.57 
0.89 

8.77 e     
10.71 a 
10.19 c 
10.00 d 
10.49 b 
7.66 f 
0.16 
0.74 

3.00 d 
10.93 a 
6.05 b 
4.58 c 
7.17 b 
1.70 e 
1.29 
10.52 

Figures with identical letters within columns  are  significantly not different (p≤0.05) 
 
Table 4:  Poultry Manure (PM) and Cocoa Pod Husk(CPH) soil amendments on some growth and yield parameters of cucumber at  
               harvesting  

 Treatment/ha  Plant Height 
(cm) 

 Plant Girth 
(cm) 

 Number of  
Leaves/plant 
 

Number of 
fruits/plant 

Fruit diameter 
(cm) 

Fruit length 
(cm) 

Fruit weight 
        (g) 

12t CPH 
12t PM 
6t CPH + 6t PM 
8t CPH +4t PM 
4t CPH + 8t PM 
Control 
LSD(0.05) 

CV(%) 

131.90 c 
169.60 b 
196.30 a 
194.30 a 
198.90 a 
102.90 d 
9.73 
2.67 

4.70 c 
 5.40 ab 
5.60 a 
 5.40 ab 
5.20 b 
4.50 c 
0.23 
2.07 

30 c 
54 a 
54 a 
47 b 
56 a 
22 d 
4.67 
4.86 

 5 bc 
9 a 
 8 ab 
 8 ab 
 8 ab 
3 c 
3.81 
25.35 

4.40 c 
5.10 b 
5.30 ab 
5.20 ab 
5.50 a 
4.20 c 
0.33 
3.00 

17.90 d 
21.20 c 
22.10 b 
23.30 a 
21.00 c 
12.40 e 
0.76 
1.76 

233.68 d 
345.88 c 
417.10 a 
391.90 b 
430.22 a 
177.40 e 
23.95 
3.27 

Figures with identical letters within columns  are  significantly not different (p ≤0.05) 
 
Table 5: Nutrient content of harvested cucumber 

Treatment/ha  N (%) P(%) K(%) Ca (%) Mg (%) 
12t CPH 2.24 c 0.32 d 1.56 a 0.83 cd 0.23c 
12t PM 2.59 a 0.45 a 1.27 c 1.15 a 0.33 a 
6t CPH + 6t PM  2.35 bc 0.41 b 1.36 bc 0.91 bc 0.25 bc 
8t CPH +4t PM  2.28 bc   0.38 c 1.42 b 0.89 c 0.24 c 
4t CPH + 8t PM 2.41 b  0.43 ab 1.34 bc 1.03 ab 0.27b 
Control 1.96 d 0.25 e 1.12 d 0.71 d 0.15 d 
LSD(0.05) 
CV(%) 

0.14 
2.71 

0.02 
4.43 

1.00 
3.29 

0.14 
6.50 

0.02 
4.71 

Figures with identical letters within columns  are  significantly not different (p ≤0.05) 
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