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Abstract 
The main objective of our study was to evaluate the effects of poultry manure 
(PM) and NPK (20:10:10) fertilizers on some agro-morphological parameters, 
protein and mineral contents in the leaves and tubers of white and red cv co-
coyam (Xanthosoma sagittifolium L. Schott) plants. Results revealed that the 
poultry manure (25 and 30 t∙ha−1) and NPK fertilizer (125 and 150 kg∙ha−1) 
treatments positively influenced growth, development and tuber yield in both 
white and red cv X. sagittifolium plants. The carbon-to-nitrogen (C/N ratio) 
in the poultry manure treatments (30 t/ha) most significantly influenced crude 
protein content (18.14%) in red cv X. sagittifolium tubers. Soil analysis revealed 
that the cation exchange capacities (CECs) were more significant in poultry 
manure treatments, thereby enhancing mineral uptake. Mineral content anal-
ysis in harvested tubers showed that calcium (Ca), magnesium (Mg), sodium 
(Na), phosphorus (P), iron (Fe), zinc (Zn), and manganese (Mn) were more 
significant in red cv X. sagittifolium tubers than in the white cv X. sagittifolium 
tuber for all treatments. The white cv X. sagittifolium tubers recorded a more 
significant potassium (K) content than the red cv X. sagittifolium tubers for 
all treatments. These results suggest that red cultivar X. sagittifolium tubers 
could be used as an important dietary mineral source. Principal component 
analysis (PCA) results confirmed high positive correlations between soil ex-
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changeable cations (Mg2+ and Na+) and average leaf number for both cultivars. 
PCA results also illustrated that soil exchangeable K+ was highly correlated to 
yield parameters (average tuber girth, length and weight). 
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1. Introduction 

Xanthosoma. sagittifolium is an annual plant with a growth cycle lasting between 
9 and 11 months [1], depending on the cultivar and growth conditions. X. sagit-
tifolium is a tropical and sub-tropical rainforest plant cultivated between latitude 
30˚ North and 15˚ South. In Cameroon, it grows under the forest canopy in asso-
ciation with other plants, such as cocoa, banana, plantains and palms. It requires 
optimum temperature ranges between 20˚C - 35˚C and rainfall between 1500 mm 
and 3000 mm. It also requires well-drained soils with pH varying between 5.5 and 
6.5 and does not tolerate permanent presence of water [2]. 

Organic manures, like farm manures, contain humic substances, which play a vi-
tal role in soil fertility and plant nutrition. Plants grown on soils that contain ade-
quate humin, humic acids (HAs), and fulvic acids (FAs) are less subject to stress, are 
healthier, produce higher yields and the nutritional quality of harvested foods is su-
perior. These organic manures, like poultry manure, cow dung and pig dung, offer 
cost-effective alternatives to chemical fertilizers. They are cheaper, readily available, 
and improve soil structure and water holding capacities. While chemical fertilizers 
provide a quick release of nutrients, poultry manure offers a slower, more sustaina-
ble release, along with potential benefits for soil health and reduced environmental 
impact compared to synthetic fertilizer use. X. sagittifolium responds very well to 
input of fertilizer, whether organic or inorganic as reported by several workers [3]-
[5]. Goat manure, cow dung and poultry manure significantly increase yields in Col-
ocasia esculenta [6]. Poultry manure soil amendments increase soil carbon, organic 
matter and exchangeable cations. NPK fertilizer treatments also increase soil ex-
changeable cations [7]. Several factors can directly or indirectly affect the nutritional 
quality of crops. Among these are soil factors, such as pH, available nutrients, texture, 
organic matter content, soil water and fertilizer applications. 

The importance of cocoyam (X. sagittifolium) is mainly nutritional. Xanthosoma 
sagittifolium provides about one-third of food intake for approximately 200 mil-
lion people in the tropics and subtropics and for more than 400 million people 
worldwide [8]. The edible tubers and young leaves constitute a good source of 
carbohydrates, some proteins, vitamins, some mineral salts and fats [9]-[11]. The 
fresh cocoyam corms and cormels contain high calcium oxalate crystals, 780 mg∙100 
g−1 in some species [12]-[14], which is irritating to the skin and the mouth. This 
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irritating effect of the corm and cormel is removed when cooked. Cocoyam also 
constitutes the staple food for populations due to its richness in nutritive elements 
capable of covering the quasi totality of energy needs and up to 60% of protein 
needs of an adult [15]. Young X. sagittifolium leaves contain an average of 20% 
protein, while the tubers have 2% - 3% protein, 15% - 39% carbohydrates and 77% 
water [2]. In Cameroon, different ethnic groups prepare, process, and consume 
cocoyam in many different forms. These forms include boiled cormels eaten with 
vegetable soup, ekwang, kwacoco, kwacoco eaten with banga soup, achu eaten 
with yellow soup or black soup, porridge cocoyam, roasted cocoyam with palm 
oil and cocoyam fufu with soup [16]. Cocoyam is reported to have superior nutri-
tional value over major root and tuber crops, especially in terms of their protein 
digestibility and mineral composition [17]. Malnutrition is a major public health 
concern in many parts of the world. Among other nutrients, minerals are neces-
sary in the human diet [18]. Minerals like Fe, Zn, Cu, Mn, Mg, P, K, Ca, and Na 
are essential for various bodily functions in human nutrition. Iron (Fe) is essential 
for oxygen transport in the blood (hemoglobin) and energy production. Zinc (Zn) 
is important for growth, development, and immune function. It is also involved 
in wound healing and carbohydrate breakdown. Copper (Cu) is essential for main-
taining immune competence and acts as a cofactor of many enzymes. Manganese 
(Mn) is a cofactor for superoxide dismutase, an antioxidant enzyme. Magnesium 
(Mg) is important for processing ATP (energy currency of the cell), bone health, 
and muscle function. Phosphorus (P) is essential for bone health, energy metabo-
lism, and ATP formation. Potassium (K) is important for nerve impulse transmis-
sion, muscle contraction, and maintaining fluid balance. Calcium (Ca) is a major 
component of bones and teeth and is also important for muscle contraction, nerve 
function, and blood clotting. Sodium (Na) is important for maintaining fluid bal-
ance, nerve function, and muscle contraction [19]. Therefore, the aim of this study 
was to determine the effect of poultry manure and NPK soil amendments on some 
agro-morphological parameters and nutrient contents in cocoyam leaves and tu-
bers. 

2. Materials and Methods 
2.1. Site Location 

Our field trial was conducted during the 2024 cropping season, on an experimental 
farm in Liboudi, Mbankomo sub-division, Centre region, Cameroon. The site is 
located at latitude 3˚49'49.54"N and longitude 11˚27'17.79"E and 705 m above sea 
level. The area is characterized as a humid rainforest zone and the soil is clay loam. 
The total annual rainfall for 2024 was 1611.8 mm while the total rainfall during the 
period of experimentation (April to December 2024) was 1630.6 mm. 

2.2. Materials 
2.2.1. Soil Amendments and Analysis 
Poultry manure was obtained from Henri and Freres Poultry farm in Yaoundé, Cam-
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eroon. The poultry manure was composted for 6 weeks before applications (Table 
1). NPK fertilizer (20:10:10) was obtained from the fertilizer unit of the Ministry of 
Agriculture and Rural Development, Yaoundé, Cameroon. NPK fertilizers, contain 
nitrogen (N), phosphorus (P), and potassium (K). They play a crucial role in plant 
nutrition and growth. Nitrogen (N) is essential for leaf and shoot growth, promot-
ing vigorous plant development and contributing to chlorophyll production. Phos-
phorus (P) is crucial for root development, flowering, and fruit formation, support-
ing the plant’s ability to uptake nutrients and thrive. Potassium (K) enhances plant 
resistance to stress, improves water regulation, and contributes to strong stems, 
increasing overall plant vigor. Optimizing NPK applications involves understand-
ing the specific needs of different crops and considering factors like soil conditions, 
growth stages, and application methods for maximizing yield and ensuring sustain-
able practices [20]. 

 
Table 1. Chemical characteristics of the poultry manure applied. 

Parameters Value 

pH (H2O) 6.9 

pH (KCl) 6.8 

Organic matter (%) 41.3 

Organic carbon (%) 32.3 

Total nitrogen (%) 4.51 

Available phosphorus (%) 0.89 

Potassium (%) 0.99 

Calcium (%) 1.06 

Magnesium (%) 0.36 

C/N ratio 7:1 

2.2.2. Soil Analysis 
Soil samples were collected with soil auger at a depth of 0 to 20 cm from different 
locations of the site and bulked into a composite sample. The composite soil sample 
was air dried, passed through 2 mm sieve, and then analyzed for its physicochem-
ical properties before planting and after harvest. Particle size distribution was per-
formed to determine the soil textural class using the modified hydrometer meth-
ods of [21] [22] (Table 2). 

Chemical analysis of the soil was according to methods of [23] for soil pH and 
Macro-Kjeldahl digestion method of [24] for soil nitrogen. Available soil P was de-
termined by Bray II method [25], soil organic carbon was determined by the method 
of [26]. Determination of exchangeable cations (Ca2+, Mg2+, K+, Na+) and calcula-
tion of cation exchange capacities (CECs) was carried out according to the meth-
ods of [27] [28] (Table 3). 
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Table 2. Physical analyses of soil before planting and after harvest. 

Physical properties 
(%) 

Farm before 
planting 

Treatment plots after harvest 

Control 
Poultry manure 

(25 t∙ha−1) 
Poultry manure 

(30 t∙ha−1) 
NPK 

(125 kg∙ha−1) 
NPK 

(150 kg∙ha−1) 

Moisture content 3.48d 3.27d 4.48b 5.41a 3.62c 3.70c 

Sand 28.3a 28.4a 29.4a 29.3a 29.4a 28.8a 

Silt 35.6a 35.6a 35.8a 35.4a 35.5a 35.5a 

Clay 36.0a 36.1a 36.3a 36.5a 36.1a 35.9a 

Textural class Clay loam Clay loam Clay loam Clay loam Clay loam Clay loam 

Note: Means of the same main effect within a row followed by the same letter are not significantly different at 5% of probability 
level = NS, and different letters are significantly different at 5% of probability level. 
 
Table 3. Chemical analyses of soil before planting and after harvest. 

Chemical properties 
Farm before 

planting 

Treatment plots after harvest 

Control 
Poultry manure 

(25 t∙ha−1) 
Poultry manure 

(30 t∙ha−1) 
NPK 

(125 kg∙ha−1) 
NPK 

(150 kg∙ha−1) 

pH in water 5.5b 5.5b 6.6a 6.7a 5.4b 5.4b 

pH in KCl 4.3b 4.2b 6.5a 6.5a 4.5b 4.6b 

Organic matter (g/kg) 25.44c 22.75c 47.31b 53.85a 23.81c 23.49c 

Total N (g/kg) 1.1c 1.1c 1.4b 1.7a 1.5b 1.6a 

Total C (g/kg) 14.44c 14.61c 29.02b 34.40a 15.73c 13.26c 

Available P (mg/kg) 5.57e 4.91e 67.84d 97.04c 119.5b 131.9a 

Exchangeable Ca (cmol/kg) 1.63c 1.64c 1.96b 2.38a 1.93b 1.97b 

Exchangeable Mg (cmol/kg) 0.76b 0.67c 0.81b 1.13a 0.77b 0.82b 

Exchangeable K (cmol/kg) 0.07d 0.08d 0.13c 0.31a 0.17b 0.23b 

Exchangeable Na (cmol/kg) 0.12d 0.11d 0.51a 0.52a 0.23c 0.32b 

Cation exchange capacity (cmol/kg) 5.3b 5.2b 6.1a 6.2a 5.4b 5.5b 

Note: KCl = Potassium chloride; N = Nitrogen; C = Carbon; P = Phosphorus; Ca = Calcium; Mg = Magnesium; K = Potassium; Na = 
Sodium. Means of the same main effect within a row followed by the same letter are not significantly different at 5% of probability 
level = NS, and different letters are significantly different at 5% of probability level. 

2.3. Plant Material 

The planting material consisted of white and red cultivars of X. sagittifolium 
minituber seeds of mean weight 40 g produced from acclimatized vitroplants un-
der the shed in the plant physiology Laboratory of the Higher Teacher Training 
College (HTTC), University of Yaoundé I, Yaoundé, Cameroon according to the 
protocol of [29] [30] (Figure 1). 

2.4. Experimental Design and Treatments 

The experiment was a 4 × 2 factorial arrangement in a randomized complete 
block design and replicated three times. The site was ploughed, ridged and marked  
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Figure 1. Aspect of X. sagittifolium minitubers used as seeds: (a) White cultivar; (b) Red 
cultivar. 

 
out into two main blocks, one for each cultivar. Each of these main blocks was 
further subdivided into 3 sub blocks, which represent the three replicates. Each 
sub block was divided into five experimental plots, thus a total of fifteen plots were 
used for each cultivar. Each gross plot measured 4 m × 3 m (12 m2) with a net plot 
of 2 m × 2 m. The treatments comprised three rates each of application of Poultry 
Manure (0, 25, and 30 t∙ha−1) and NPK fertilizer (0, 125, and 150 kg∙ha−1). A total 
of fifteen treatment combinations and three replications were used. The Poultry 
manure was incorporated into the soils on the experimental plots in a single ap-
plication based on the treatment combinations, at 2 weeks before planting to ease 
decomposition, while the NPK fertilizer was applied to the cocoyam stands accord-
ing to treatment allocation at 4 weeks after planting (WAP) using the ring place-
ment method. Each minituber was planted per hole at a depth of 15 cm and at a 
spacing of 0.5 m × 1.0 m resulting to twenty-five plants per plot and a total of 375 
plants per cultivar. All plots were kept weed free by manual weeding after every 2 
weeks [7]. 

2.5. Evaluation of Morphological Parameters 
2.5.1. Measurement of Growth Parameters 
Five cocoyam plants were randomly selected from each of the net plots, tagged 
and then used for the determination of average plant height (cm), average number 
of leaves and average leaf area at 1, 2, 3, 4, 5, 6, 7, and 8 months after planting 
(MAP). 
• A metre tape was used to measure the height of tagged plants and the mean height 

calculated; 
• The number of leaves of tagged plants was counted manually and the average 

number was determined; 
• The length (cm) and width (cm) of leaves of the tagged plants were measured 

with a metre tape. The leaf area was determined using the formula of [31] as: 
Leaf Area of Cocoyam = 0.917 (LW) 

where L and W are length and width of the cocoyam leaf. 

2.5.2. Measurement of Yield Parameters 
Yield parameters like number of tubers per plant, length (cm) and girth (cm) of 
tubers, and tuber weight (g) were assessed in 5 plants per treatment after 9 months 
at physiological maturity as follows: 
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• The number of tubers per tagged plant was counted manually at harvest and 
average number calculated for each treatment; 

• A metre tape was used to measure the length and girth of the harvested tubers and 
the mean lengths and girths were calculated for tagged plants of each treatment; 

• The tuber weight was determined with a 0.01 electronic balance and mean weight 
was calculated for tagged plants of each treatment [7]. 

2.6. Biochemical Analysis 
2.6.1. Determination of Mineral Nutrients in Harvested Cocoyam Tubers 
The following procedure was used to determine Fe, Zn, Cu, Mn, Ca, Mg, K, Na and 
P contents. 
• The cocoyam tuber samples were dried in an oven at 60˚C for 2 hours and finely 

ground; 
• 500 mg of finely ground sample was digested in 2 mL concentrated HNO3; 
• The mixture was diluted to 50 mL; 
• Instrument calibration standards were prepared from certified standards and 

both standards and samples read on the flame Atomic Absorption Spectropho-
tometer (AAS) (PerkinElmer AA400). Fe was read at 248.3 nm, Zn at 213.9 nm, 
Cu at 324.7 nm, Mn at 257.6 nm, Ca at 422.7 nm, Mg at 285.2 nm, K at 766.5 
nm and Na 589 nm. 

P was extracted as above that is digested in concentrated HNO3 and analyzed 
using Murphy Riley reagent also known as the phosphomolybdate blue method. 
It involved the formation of a blue-colored complex between phosphorus, ammo-
nium molybdate, antimony potassium tartrate, and ascorbic acid in an acidic en-
vironment. The intensity of the blue color was directly proportional to the phospho-
rus concentration and measured using a spectrophotometer. P was read colorimet-
rically at 860nm using a UV-VIS spectrophotometer (PerkinElmer). 

2.6.2. Protein Extraction and Assay in Leaves 
Proteins were extracted according to the modified method of [15]. 1 g of leaves were 
ground in chilled mortar (4˚C) with 5 ml of Tris-Maleate buffer (10 mM pH 7.2). 
The crude homogenate was centrifuged for 25 min at 10,000 g using “Beckmann-
Coulter microfuge 20 R centrifuge”. The supernatant was removed, stored at −20˚C 
for future use as crude extract for protein and enzyme assays. Proteins were quan-
tified according to method described by [32] as follows: 
• 10 μl of extract was added to 490 μl of distilled water; 
• 500 μl of Bradford reagent was added to the mixture; 
• The mixture was incubated at 25˚C in darkness for 15 min. 

The optical density (OD) of protein was read at 595 nm using a spectrophotom-
eter (Shimadzu UV-1605 UV-visible) against a blank containing distilled water. 
For each extract the experiment was carried out in triplets and the protein content 
was expressed in mg-equivalent of BSA per Fresh Weight [32]. This in reference to 
the extrapolation of the standard curve obtained under the same conditions as the 
samples while using BSA (Bovine Serum Albumine) at 0.1 mg/ml. 
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2.7. Crude Protein Assay in Tubers 

Determination of Crude Protein: The powdered tuber samples were analyzed for 
crude protein content according to the Kjeldahl’s method described in the Asso-
ciation of Official Analytical Chemists [33]. 

Protein Digestion: Five grams of the sample was weighed in an ash less filter paper 
and put into 250 ml digestion flask. Then, 3 g of a catalytic mixture tablet (75 g of 
CuSO4 and 0.7 g of K2SO4) and 15 mL of 98% H2SO4 were added into a digestion 
flask. The whole mixture was subjected to heating in a digestion chamber until trans-
parent residue (clear light green) content was obtained, it was allowed to cool. 
After cooling, the digest was transferred into a 100 mL volumetric flask and made 
up to the mark (100 mL) with distilled water and then distilled using distillation 
apparatus. 

Protein Distillation: Before use, the distillation apparatus was steamed for 15 
min. After which, 100 ml conical flask containing 20 ml of 40% boric acid and 2 
or 3 drops of Tashiro’s indicator was placed under the distillation apparatus with 
its outlet tubes inserted into the conical flask. The digest was washed down with dis-
tilled water followed by addition of 4 drops of phenolphthalein and 20 mL of 40% 
(w/v) NaOH solution. The distillation was continued until about 25 mL of distillate 
was trapped into the boric acid plus indicator solution changed from red to light 
grey, showing that all the ammonia liberated had been trapped. That means the 
digest in the condenser was steamed through until enough ammonia gas captured 
by the boric acid. 

Titration: The solution in the receiving flask was titrated with 0.1 mM HCl to a 
brown color. After titration, the % of nitrogen was calculated as follows: 

( ) ( )Vs VB mMHCl 0.014008
Nitrogen % 100

Wt. of sample
− × ×

= ×  

where Vs = Volume (mL) of HCl required to titrate sample; VB = Volume (mL) 
of acid required to titrate the blank; mMacid = Molarity of acid; and Wt = Weight 
of sample (g). Then, percentage of crude protein in the sample was calculated from 
the % nitrogen as: 

Crude protein (%) = %N × F 

where, F (conversion factor) is equivalent to 6.25 [33]. A blank was run through 
along with the sample and triplicate analysis was conducted for samples. 

2.8. Statistical Analysis 

All results obtained were descriptively analysed. The results were presented as 
graphs, histograms or tables using the Excel Microsoft software 2013. Results were 
analyzed statistically by comparison of means with one-way ANOVA using Turkeys 
test and determination of least significant difference (LSD) at P < 0.05 with the 
Software Package SPSS 17.0 in windows. Correlations between different parame-
ters were analysed using sigmaplot version 11 while principal component analysis 
(PCA) was done by the XLSTAT 2007 Ink version 10.0 software. 
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3. Results 
3.1. Growth Parameters 

All growth parameters (plant height, number of leaves per plant and leaf area) 
analysed were generally more significant in the white cultivar cocoyam (white cv) 
plants than in the red cultivar cocoyam (red cv) plants for all treatments (Table 
4 & Table 5). After six months of growth there was a significant decrease in all  

 
Table 4. Growth parameters of white cv X. sagittifolium plants. 

Treatment 
Average plant height (cm) Average number of leaves Average leaf area (m2) 

2 map 4 map 6 map 8 map 2 map 4 map 6 map 8 map 2 map 4 map 6 map 8 map 

Control 
37 ± 
0.07c 

40 ± 
0.02c 

53 ± 
0.07c 

35 ± 
0.12c 

3 ± 0.47a 4 ± 0.12a 3 ± 0.64c 2 ± 0.16a 
0.036 ± 

0.11c 
0.023 ± 

0.01d 
0.029 ± 

0.01c 
0.022 ± 

0.01d 

PM1 
69 ± 
0.55a 

56.7 ± 
0.04a 

82 ± 
0.12a 

65 ± 
0.01a 

4 ± 0.11a 4 ± 0.08a 
5 ± 

0.17ab 
2 ± 0.10a 

0.044 ± 
0.11b 

0.051 ± 
0.02b 

0.076 ± 
0.01a 

0.033 ± 
0.01b 

PM2 
70 ± 
0.11a 

56 ± 
0.16a 

85 ± 
0.16a 

63 ± 
0.03a 

4 ± 0.23a 4 ± 0.13a 6 ± 0.17a 3 ± 0.18a 
0.051 ± 

0.11a 
0.057 ± 

0.04a 
0.079 ± 

0.01a 
0.040 ± 

0.01a 

NPK1 
56 ± 
0.05b 

47.7 ± 
0.08b 

69 ± 
0.12b 

54 ± 
0.13b 

4 ± 0.57a 4 ± 0.11a 
3 ± 

0.16bc 
2 ± 0.08a 

0.036 ± 
0.11c 

0.042 ± 
0.01c 

0.056 ± 
0.01b 

0.029 ± 
0.01c 

NPK2 
55 ± 
0.15b 

59 ± 
0.13a 

71 ± 
0.13b 

55 ± 
0.16b 

4 ± 0.31a 4 ± 0.13a 
3 ± 

0.37bc 
1 ± 0.09a 

0.035 ± 
0.11c 

0.049 ± 
0.11b 

0.061 ± 
0.01b 

0.028 ± 
0.01c 

Significance * * * * NS NS * NS * * * * 

Note: map = Months after planting; PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer 
(125 kg∙ha−1); NPK2 = NPK fertilizer (150 kg∙ha−1); NS = Not significant; * = Significant at 5% level of probability. Means of the same 
main effect within a column followed by the same letter are not significantly different at 5% of probability level = NS, and different 
letters are significantly different at 5% of probability level. 
 
Table 5. Growth parameters of red cv X. sagittifolium plants. 

Treatment 
Average plant height (cm) Average number of leaves Average leaf area (m2) 

2 map 4 map 6 map 8 map 2 map 4 map 6 map 8 map 2 map 4 map 6 map 8 map 

Control 
20 ± 
0.13d 

40 ± 
0.30d 

51 ± 
0.11e 

39 ± 
0.12d 

3 ± 0.11a 3 ± 0.11a 4 ± 0.62a 
1.6 ± 
0.14a 

0.024 ± 
0.12c 

0.030 ± 
0.11e 

0.039 ± 
0.03c 

0.017 ± 
01b 

PM1 
34 ± 
0.13a 

59 ± 
0.18b 

65 ± 
0.12b 

48 ± 
0.16b 

3 ± 0.11a 3 ± 0.29a 5 ± 0.17a 2 ± 0.28a 
0.029 ± 

0.02b 
0.053 ± 

0.11b 
0.064 ± 

0.03a 
0.030 ± 

0.01a 

PM2 
36 ± 
0.11a 

64 ± 
0.15a 

67 ± 
0.11a 

59 ± 
0.26a 

3 ± 0.17a 
3.3 ± 
0.04a 

5 ± 0.16a 2 ± 0.08a 
0.037 ± 

0.02a 
0.056 ± 

0.12a 
0.066 ± 

0.11a 
0.032 ± 

0.01a 

NPK1 
23 ± 
0.18c 

47 ± 
0.31c 

54 ± 
0.13d 

48 ± 
0.19b 

3 ± 0.01a 
3.1 ± 
0.17b 

4 ± 0.18a 
1.9 ± 
0.08a 

0.025 ± 
0.02c 

0.038 ± 
0.02d 

0.040 ± 
0.01c 

0.019 ± 
0.01b 

NPK2 
27 ± 
0.09b 

48 ± 
0.18c 

58 ± 
0.12c 

41 ± 
0.17c 

3 ± 0.11a 
3.3 ± 
0.16a 

4.7 ± 
0.1a 

1.8 ± 
0.11a 

0.025 ± 
0.01c 

0.042 ± 
0.11c 

0.057 ± 
0.12b 

0.018 ± 
0.01b 

Significan
ce 

* * * * NS NS NS NS * * * * 

Note: map = Months after planting; PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer 
(125 kg∙ha−1); NPK2 = NPK fertilizer (150 kg∙ha−1); NS = Not significant; * = Significant at 5% level of probability. Means of the same 
main effect within a column followed by the same letter are not significantly different at 5% of probability level = NS, and different 
letters are significantly different at 5% of probability level. 
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growth parameters for all treatments in both white and red cv X. sagittifolium 
plants. The poultry manure treatments (30 t∙ha−1) showed the most significant in-
crease in all growth parameters analysed from two months after planting to six 
months after planting among all treatments; meanwhile, within the same growth 
period, the control treatments (0 t of Poultry manure ha−1 and 0 kg of NPK ha−1) 
recorded the least increase in average plant height and leaf area for both white and 
red cultivars of the cocoyam plants (Table 4 & Table 5). 

3.2. Yield Parameters 

After a period of 9 months, yield parameters were assessed. The four yield param-
eters (tuber number per plant, tuber weight, tuber length and tuber girth) analysed 
after harvest were generally greater in white cv cocoyam plants than in red cv co-
coyam plants for all treatments. Poultry manure treatments (30 t∙ha−1) showed the 
most significant yield parameters, while the control treatments (0 t of Poultry ma-
nure∙ha−1 and 0 kg of NPK.ha−1) had the least yield parameters for both cultivars 
(Table 6 & Table 7). 

 
Table 6. Yield parameters of white cv X. sagittifolium plants. 

Yield parameters 
Treatments 

Control PM1 PM2 NPK1 NPK2 Significance 

Tuber number plant−1 3 ± 0.18c 7 ± 0.18b 9 ± 0.18a 6 ± 0.18c 7 ± 0.18b * 

Tuber weight (g) 60 ± 0.18e 180 ± 0.18c 280 ± 0.18a 170 ± 0.18d 242 ± 0.18b * 

Tuber length (cm) 6 ± 0.26e 11 ± 0.28c 15 ± 0.29a 10 ± 0.16d 12 ± 0.26b * 

Tuber girth (cm) 11 ± 0.11d 14 ± 0.11b 19 ± 0.12a 12 ± 0.13c 17 ± 0.12a * 

Note: PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer (125 kg∙ha−1); NPK2 = NPK 
fertilizer (150 kg∙ha−1); * = Significant at 5% level of probability using Turkeys test. Means of the same main effect within a row followed 
by the same letter are not significantly different at 5% of probability level = NS, and different letters are significantly different at 5% of 
probability level. 
 
Table 7. Yield parameters of red cv X. sagittifolium plants. 

Yield parameters 
Treatments 

Control PM1 PM2 NPK1 NPK2 Significance 

Tuber number plant−1 3 ± 0.20c 5 ± 0.38b 6 ± 0.37a 2.9 ± 0.40c 4.6 ± 0.31b * 

Tuber weight (g) 45 ± 0.34d 120 ± 0.1b 155 ± 0.29a 98 ± 0.27c 97 ± 0.33c * 

Tuber length (cm) 4 ± 0.21c 6 ± 0.23b 8 ± 0.20a 6 ± 0.20b 8 ± 0.19a * 

Tuber girth (cm) 11 ± 0.12b 11 ± 0.14b 14 ± 0.10a 10 ± 0.56b 15 ± 0.14a * 

Note: PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer (125 kg∙ha−1); NPK2 = NPK 
fertilizer (150 kg∙ha−1); * = Significant at 5% level of probability using Turkeys test. Means of the same main effect within a row followed 
by the same letter are not significantly different at 5% of probability level = NS, and different letters are significantly different at 5% of 
probability level. 

3.3. Protein Content in White and Red cv X. sagittifolium Leaves 
during Growth 

At 6 months of growth, leaves of poultry manure treated plants (30 t∙ha−1) expressed 
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the most significant protein content (5.74 ± 0.38 mg eq BSA∙g−1 FW) for white cv 
cocoyam plants followed by the same poultry manure treatments (30 t∙ha−1) for red 
cv (4.91 ± 0.52mg eq BSA∙g−1 FW). The different treatments of red cv X. sagittifo-
lium plants did not show any significant difference in protein content after 2 and 
4 months of planting (Table 8). 

 
Table 8. Protein content (mg eq BSA/g FW) in white and red cv X. sagittifolium leaves during growth. 

Treatment 
White cv Red cv 

2 map 4 map 6 map 2 map 4 map 6 map 

Control 3.37 ± 0.39a 3.32 ± 0.25b 2.46 ± 0.21d 3.47 ± 0.14b 3.51 ± 0.51a 3.1 ± 0.47c 

PM1 3.33 ± 0.22a 4.33 ± 0.12b 4.83 ± 0.21b 3.43 ± 0.14a 3.41 ± 0.32a 3.89 ± 0.42b 

PM2 3.37 ± 0.25a 4.87 ± 0.29a 5.74 ± 0.38a 3.49 ± 0.51a 3.48 ± 0.48a 4.91 ± 0.52a 

NPK1 3.34 ± 0.12a 3.93 ± 0.03c 3.51 ± 0.11c 3.42 ± 0.01a 3.53 ± 0.22a 2.93 ± 0.32d 

NPK2 3.30 ± 0.58a 3.87 ± 0.14c 3.46 ± 0.39c 3.42 ± 0.52a 3.58 ± 0.47a 3.10 ± 0.16c 

Significance NS * * NS NS * 

Note: map = Months after planting; PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer 
(125 kg∙ha−1); NPK2 = NPK fertilizer (150 kg∙ha−1); NS = Not significant; * = Significant at 5% level of probability. Means of the same 
main effect within a column followed by the same letter are not significantly different at 5% of probability level = NS, and different 
letters are significantly different at 5% of probability level. 

3.4. Crude Protein Content in Harvested Tubers 

The crude protein content values in the harvested red tubers were significantly 
higher than those of the white tubers for all the treatments evaluated. In the white 
cv tubers, crude protein content values were more significant in NPK (150 kg∙ha−1) 
treatments at 8.94% than in the control (0 kg∙ha−1) at 6.79%. Red tuber crude pro-
tein content value was very significant in poultry manure (30 t∙ha−1) treatments with 
18.14% (Table 9). 

 
Table 9. Crude protein content in white and red X. sagittifolium tubers 

Treatment 
White cv tuber crude protein 

content % 
Red cv tuber crude protein 

content % 

Control 6.79  8.08e 

PM1 7.08c 16.33b 

PM2 8.47b 18.14a 

NPK1 7.04c 9.77d 

NPK2 8.94a 10.09c 

Significance * * 

Note:PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK 
fertilizer (125 kg∙ha−1); NPK2 = NPK fertilizer (150 kg∙ha−1); * = Significant at 5% level of 
probability. Means of the same main effect within a column followed by the same letter are 
not significantly different at 5% of probability level = NS, and different letters are signifi-
cantly different at 5% of probability level. 
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3.5. Mineral Content in the Harvested Tubers of White and Red cv 
X. sagittifolium Plants 

Mineral nutrient content assay in harvested tubers, showed that 8 out of the 9 
minerals assayed were more significant in red tubers than the white tubers of 
X. sagittifolium. K was more significant in white cv X. sagittifolium tubers than 
in the red cv X. sagittifolium tubers. Poultry manure treatments of 30 t/ha (PM2) 
recorded the most significant Fe, Mg, Ca and Na contents for both cultivars. There 
was no significant difference in the content of the trace elements Zn and Cu, for all 
treatments in both cultivars of X. sagittifolium (Table 10 & Table 11). 

 
Table 10. Mineral content in the harvested tubers of white cv X. sagittifolium plants. 

Treatment 
Mineral content (mg/100g) 

Fe Zn Cu Mn Mg P K Ca Na 

Control 
7.16 ± 
0.20b 

2.86 ± 
0.11a 

1.02 ± 
0.09a 

2.42 ± 
0.12a 

87.0 ± 
0.12c 

186.8 ± 
0.12d 

1201.8 ± 
0.12e 

73.9 ± 
0.23c 

24.01 ± 
0.12c 

PM1 
8.83 ± 
0.21a 

2.81 ± 
0.22a 

1.12 ± 
0.02a 

2.45 ± 
0.02a 

89.0 ± 
0.12b 

201.8 ± 
0.01c 

1211.8 ± 
0.33d 

87.0 ± 
0.41b 

25.1 ± 
0.12b 

PM2 
8.91 ± 
0.20a 

2.80 ± 
0.13a 

1.15 ± 
0.11a 

2.55 ± 
0.32a 

93.0 ± 
0.12a 

206.8 ± 
0.13b 

1216.8 ± 
0.15c 

94.0 ± 
0.09a 

29.99 ± 
0.12a 

NPK1 
7.16 ± 
0.11b 

2.89 ± 
0.17a 

1.02 ± 
0.14a 

2.35 ± 
0.32a 

86.9 ± 
0.12c 

210.8 ± 
0.22a 

1266.8 ± 
0.14b 

74.1 ± 
0.34c 

24.39 ± 
0.12c 

NPK2 
6.96 ± 
0.11b 

2.85 ± 
0.12a 

1.11 ± 
0.03a 

2.45 ± 
0.12a 

86.8 ± 
0.12c 

211.8 ± 
0.32a 

1276.8 ± 
0.13a 

74.0 ± 
0.12c 

24.33 ± 
0.12c 

Significance * NS NS NS * * * * * 

Note: PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer (125 kg∙ha−1); NPK2 = NPK 
fertilizer (150 kg∙ha−1); NS = Not significant; * = Significant at 5% level of probability using Turkeys test. Means of the same main 
effect within a column followed by the same letter are not significantly different at 5% of probability level = NS, and different letters 
are significantly different at 5% of probability level. 
 
Table 11. Mineral content in the harvested tubers of red cv X. sagittifolium plants. 

Treatment 
Mineral content (mg/100g) 

Fe Zn Cu Mn Mg P K Ca Na 

Control 
9.46 ± 
0.16c 

3.07 ± 
0.13a 

1.11 ± 
0.06a 

3.52 ± 
0.22b 

97.0 ± 
0.04c 

206.2 ± 
0.11d 

901.8 ± 
0.02d 

77.9 ± 
0.10d 

26.91 ± 
0.02c 

PM1 
9.83 ± 
0.13b 

3.11 ± 
0.15a 

1.05 ± 
0.11a 

3.55 ± 
0.12b 

109.0 ± 
0.10b 

211.8 ± 
0.01c 

1018.8 ± 
0.03c 

89.0 ± 
0.13b 

35.1 ± 
0.21b 

PM2 
10.92 ± 

0.21a 
3.15 ± 
0.04a 

1.16 ± 
0.11a 

4.56 ± 
0.23a 

119.0 ± 
0.02a 

216.2 ± 
0.13a 

1024.8 ± 
0.14b 

93.0 ± 
0.17a 

39.09 ± 
0.30a 

NPK1 
9.85 ± 
0.01b 

3.16 ± 
0.17a 

1.01 ± 
0.13a 

3.35 ± 
0.17b 

96.9 ± 
0.32c 

213.8 ± 
0.22b 

1056.8 ± 
0.18a 

81.1 ± 
0.15c 

27.21 ± 
0.16c 

NPK2 
9.97 ± 
0.21b 

3.13 ± 
0.12a 

1.11 ± 
0.14a 

3.45 ± 
0.18b 

98.8 ± 
0.11c 

216.1 ± 
0.32a 

1276.8 ± 
0.17a 

80.3 ± 
0.42c 

27.11 ± 
0.08c 

Significance * Ns NS * * * * * * 

Note: PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 t∙ha−1); NPK1 = NPK fertilizer (125 kg∙ha−1); NPK2 = NPK 
fertilizer (150 kg∙ha−1); NS = Not significant; * = Significant at 5% level of probability using Turkeys test. Means of the same main 
effect within a column followed by the same letter are not significantly different at 5% of probability level = NS, and different letters 
are significantly different at 5% of probability level. 
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3.6. Principal Component Analysis between Parameters of 
Growth, Yield and Soil Cation Exchange Capacity 

At harvest, the correlation circle in the white cv X. sagittifolium plants indicate an 
explanation for principal component 1 axis (F1) of 85.56% while principal com-
ponent axis 2 (F2) explained 8.25% of variance. The combined effect of both prin-
cipal component axes 1 and 2 explained 93.80% of the total variance. In red cv X. 
sagittifolium plants, principal component 1 axis (F1) recorded 79.02% while prin-
cipal component 2 axis (F2) had 13.70% of variance, with a combined total effect 
for both axes of 92.72% (Figure 2). 
 

 
Figure 2. Correlation circles between parameters of growth (average height, leaf number, 
root number, leaf area), yield (average tuber number, tuber weight, tuber length and tuber 
girth) and soil exchangeable cations (K+, Mg2+, Na+ an Ca2+) in (a) white cv and (b) red cv 
X. sagittifolium plants. 
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In both white and red cv X. sagittifolium plants, positive correlations exist be-
tween parameters of growth, yield and soil exchangeable bases as indicated in fac-
torial diagrams of principal component analysis (PCA). High positive correlations 
between sodium and magnesium exchangeable bases with average leaf number 
were observed while exchangeable potassium bases were highly correlated with 
yield parameters in both cultivars. In white cv plants, PM1 (25 t∙ha−1) and NPK2 
(150 kg∙ha−1) samples were closely associated to each other while in red cv plants, 
control and NPK1 (125 kg∙ha−1) samples showed a close association (Figure 3). 

 

 
Note: Cont = Control; PM1 = Poultry manure (25 t∙ha−1); PM2 = Poultry manure (30 
t∙ha−1); NPK1 = NPK1 fertilizer (125 kg∙ha−1); NPK2 = NPK fertilizer (150 kg∙ha−1); Na = 
Sodium; Mg = Magnesium; Ca = Calcium; K = Potassium. 

Figure 3. Principal component analysis factorial diagrams of data relative to the effect of 
different soil amendments (poultry manure and NPK fertilizer) on some agro-morpholog-
ical parameters and some soil exchangeable cations in (a) white cv and (b) red cv X. sagit-
tifolium plants. 
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4. Discussion 

Results obtained show that poultry manure and NPK fertlizer treatments signifi-
cantly influenced growth, development and tuber yield in white and red cv X. sa-
gittifolium plants. The growth and yield performance for the white cultivar coco-
yam plants were significantly higher than those for the red cultivar cocoyam plants. 
These results are concordant with those obtained by [7] who showed that the white 
cultivar X. sagittifolium minitubers was more productive than the red cultivar X. 
sagittifolium minitubers. Poultry manure treatments (30 t∙ha−1) for both cultivars 
produced better growth and yield traits compared to the control treatments. 

Poultry manure and NPK fertilizer treatments induced biochemical responses 
in the leaves of X. sagittifolium plants during growth. Our results show that the 
total soluble protein content in the leaves of white cv X. sagittifolium plants de-
creased with time in the control and NPK treatments. [30] worked on the effect of 
arbuscuar mycorrhizal fungi on mintuberization in X. sagittifolium plants obtained 
a decrease in total soluble leaf protein content over time, especially during matu-
ration of X. sagittifolium minitubers. [34] also demonstrated that the total protein 
content decreased during the maturation of microtubers in irish potatoes. But con-
trary results were obtained in the poultry manure (30 t∙ha−1) treated white cv X. 
sagittifolium plants, which had a significant increase in total soluble protein con-
tent during the first 6 months of growth. Since proteins play an important role in 
the growth and repair of plant cells, this could suggest a positive correlation between 
protein content and the different growth parameters assessed during growth of 
plants treated with Poultry manure (30 t∙ha−1). In red cv X. sagittifolium plants, 
there was no significant difference in total soluble leaf protein content for all treat-
ments during the first 4 months of growth. The NPK fertilizer (150 kg∙ha−1) treat-
ments recorded a significant decrease in total soluble protein content between 4 
and 6 months of growth. These variations in total soluble protein content could 
be due to differences in the available nutritional factors like carbon-to-nitrogen 
(C/N ratio) in each treatment plot, which affects protein formation in leaves. The 
carbon-to-nitrogen (C/N) ratio is a crucial factor in biological systems, particu-
larly impacting protein synthesis. The low C/N ratio value of our poultry manure 
probably favoured the synthesis of amino acids. These amino acids are the mon-
omers of proteins. Concordantly, [35] showed that low C/N values also promote 
the synthesis of glutamate and other amino acids, ultimately enhancing protein 
synthesis in microalgae like Chlorella vulgaris. Nitrogen is an essential nutrient 
that plants require for the synthesis of amino acids, proteins, and many other im-
portant metabolites. Consequently, the amount of N that is assimilated and dis-
tributed from roots to source leaves and finally to developing sinks, like fruits and 
seeds, has significant consequences for plant metabolism and growth. Importantly, 
nitrogen and carbon metabolism are highly interrelated [36]-[38]. The crude pro-
tein analysis of harvested tubers showed that red cv X. sagittifolium tubers (cor-
mels) had a more significant crude protein content than the white cv X. sagittifo-
lium tubers for all treatments. Poultry manure (30 t/ha) treated red cv tubers had 
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the most significant values (18.12%), suggesting that the high C/N ratio of the poul-
try manure applied favoured the synthesis of proteins in cormels. [39] also evalu-
ated poultry manure application rates on the nutrient composition of Dioscorea 
bulbifera (Aerial yam) and demonstrated a significant increase in the crude pro-
tein content (6.28%) in harvested tubers with poultry manure applications of 3 
t∙ha−1. 

Soil fertility is very critical for optimum production of crops. Results from phys-
ical analyses of different treatment plots before planting and after harvest showed 
that the soil textural class was clay loam before planting and remained clay loam 
after harvest for all treatment plots. This implies that poultry manure and NPK 
fertilizer treatments did not significantly influence soil texture. Poultry manure 
treatments significantly improved soil moisture content as compared to the NPK 
fertilizer and control treatments. The soil organic content of poultry manure treat-
ments was higher than that of NPK fertilizer treatments and could account for the 
increase in the moisture-holding capacity of soil particles. Increased levels of or-
ganic matter led to greater pore space with the immediate result that water infil-
trated more readily and could be held in the soil [40]. Decomposed poultry ma-
nure stimulates microbial activities, which contribute to soil fertility restoration. 
Effective microorganisms accelerate the breakdown of organic matter from the 
manure to humus. This speeds up mineralization of the organic matter and pro-
vides surplus nutritive elements like exchangeable cations (K+, Mg2+, Na+ and 
Ca2+) compared to the initial soil [41] [42]. Together with the beneficial effect 
of chicken manure as the source of nutrients and high cation exchange capac-
ity (CEC), effective microorganisms will be able to increase crop yields and im-
prove crop quality. It will also increase the population of beneficial microorgan-
isms in the soil [43]. Our poultry manure and NPK fertilizer treatments signifi-
cantly improved the total nitrogen and available phosphorus contents compared 
to the control treatments. Exchangeable Calcium, Magnesium, Potassium and So-
dium had more significant values in poultry manure treatments compared to the 
control treatments. [44] also showed that poultry manure relatively increases soil 
Nitrogen, Phosphorous, Potassium, Calcium, Magnesium, and organic Carbon. Ni-
trogen, Phosphorous and Potassium are primary nutrients that are needed by 
plants in fairly large quantities for their growth and development. Cation exchange 
capacity (CEC) is a useful indicator of soil fertility because it shows the soil’s abil-
ity to supply important plant nutrients: calcium, magnesium, potassium and so-
dium [45]. The cation exchange capacities (CECs) were most significant in poultry 
manure treatments compared to other treatments after harvest. Results obtained 
from the analysis of the mineral content of harvested tubers showed that calcium 
(Ca), magnesium (Mg), sodium (Na), phosphorus (P), iron (Fe), zinc (Zn), and man-
ganese (Mn) were more significant in red cv X. sagittifolium tubers than in the white 
cv X. sagittifolium tuber for all treatments. The white cv X. sagittifolium tubers 
recorded a more significant potassium (K) content than the red cv X. sagittifolium 
tubers for all treatments. This suggests that red cultivar X. sagittifolium tubers could 
be used as a dietary mineral source. Similarly, [39] evaluated poultry manure ap-
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plication rates on the nutrient composition of Dioscorea bulbifera (Aerial yam), 
showed that phosphorus, calcium and magnesium contents were significantly in-
creased by poultry manure application. [46] also studied mineral composition of 
Ethopian green and purple cocoyams (Xanthosoma sagittifolium L. Schott) and 
demonstrated that Ethopian cocoyams are also very good sources of the essential 
mineral nutrients. 

Principal component analysis (PCA) results, confirmed high positive correla-
tions between soil exchangeable cations (Mg2+ and Na+) and average leaf number 
for both cultivars, thereby indicating their role in the biosynthesis of leaf tissues. 
Magnesium is a central component in the structure of chlorophyll, which actively 
takes part in the process of photosynthesis. PCA results also illustrated that soil 
exchangeable K+ was highly correlated to yield parameters (average tuber girth, 
length and weight). Similarly, according to [47] [48], Potassium plays a crucial 
role in tuber formation and quality, in sweet potatoes (Ipomoea batatas) and Irish 
poatato (Solanum tuberosum). It enhances photosynthesis, the movement of car-
bohydrates from leaves to tubers, and overall tuber yield and quality. Potassium 
also contributes to the dry matter content of tubers. Plant roots absorb potassium 
ions from the soil and transport them in the xylem via the transpiration stream to 
the shoots. There, in source tissues where sufficient chemical energy (ATP) is avail-
able, K+ is loaded into the phloem and then transported with the phloem stream 
to other parts of the plant, like the roots. This further highlights the role of K+ in 
the transport of sugars from leaves to storage organs. In addition, [49] showed 
that cycling of K+ has been uncovered to be part of a sophisticated mechanism that 
enables the shoot to communicate its nutrient demand to the root, contributes to 
the K+ nutrition of transport phloem tissues and transports energy stored in the 
K+ gradient between phloem, cytosol and the apoplast. This potassium battery can 
be tapped by opening AKT2-like potassium channels and then enables the ATP-
independent energization of other transport processes, such as the reloading of 
sucrose. 

5. Conclusion 

Our results show that for all treatments, the white cultivar X. sagittifolium plants 
depicted better growth and yield parameters than the red cultivar plants. Poultry 
manure (30 t∙ha−1) stimulated the most significant responses in terms of better 
growth and yield among all treatments in both cultivars, suggesting that poultry 
manure increases cation exchange capacities, which offer higher nutrient contents 
and a more favourable pH to the soil than other treatments. Both poultry manure 
(30 t∙ha−1) and NPK (150 kg∙ha−1) treatments in both cultivars significantly influ-
enced protein and mineral contents in harvested X. sagittifolium tubers. This anal-
ysis suggests that red cv Xanthosoma sagittifolium tubers can serve as an essential 
dietary source for calcium (Ca), magnesium (Mg), sodium (Na), phosphorus (P), 
iron (Fe), zinc (Zn), and manganese (Mn) in addition to other traditional sources 
like cereals. 
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